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PRESIDENTIAL  ADDRESS 

THE  TYRO  CHEMIST’S  UNANSWERED  QUESTION 

G.  W.  THIESSEN 
Monmouth  College,  Monmouth 


G.  W.  Thiessen,  President ,  1954-1955 


Beginning  chemistry  has  its  comic 
moments.  I  recall  a  former  fresh¬ 
man  chemistry  student  who  offered, 
as  an  antonym  to  “  volumetric  ” 
analysis,  not  “  gravimetric  ’  *,  but 
“gravimetric”.  Another  labeled  a 
portion  of  the  “lead  chamber”  sul¬ 
furic  acid  factory  the  “blubber” 
tower,  with  no  honor  to  Glover  who 
designed  it.  A  boy  defined  a  “polar 
molecule”  as  “a  molecule  which 
would  attract  a  compass  needle”,  in¬ 
stead  of  “a  molecule  having  sepa¬ 


rated  electric  charges”.  With  subtle 
logic,  a  girl  offered  “ice  water”  in¬ 
stead  of  “glass”  as  an  example  of  a 
supercooled  liquid.  A  meticulous 
Chemistry  One  laboratory  mechanic, 
I  am  told,  went  through  a  long  line 
to  ask  the  storeroom  man  to  supply 
the  “inverted  test  tube”  demanded 
by  the  laboratory  manual  for  the  im¬ 
pending  experiment. 

Occurrences  like  these  indicate 
that  beginning  chemistry  students 
do  not  think.  This  generalization  is. 
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however,  too  sweeping  to  be  valid. 
My  object  now  is  to  defend  the  thesis 
that  the  thoughts  of  youth  may  be 
“long,  long  thoughts”  even  in  the 
first  chemistry  course. 

The  situation  which  I  wish  to  dis¬ 
cuss  usually  develops  within  the  first 
two  weeks  of  chemical  study.  It 
may  manifest  itself  in  this  way  :  The 
student  has  written  2HgO— »2Hg-f-02 
and  labeled  the  expression  a  “chem¬ 
ical  equation”.  He  has,  moreover, 
performed  the  corresponding  experi¬ 
ment,  heated  red  mercuric  exide  in 
a  test  tube,  observed  silvery  mercury 
droplets  on  the  tube  walls,  and 
watched  a  glowing  wood  splint  re¬ 
kindle  in  the  evolved  gas.  He  is  then 
led  to  try  igniting  the  smoldering 
wood  with  oxygen  from  hot  barium 
peroxide.  He  succeeds,  is  delighted 
by  his  mastery  of  chemical  mysteries, 
and  probably  misinterprets  the  ex¬ 
periment  by  writing  Ba02^Ba+02. 
After  he  corrects  this,  with  the  in¬ 
structor’s  counsel,  to  the  acceptable 
2Ba()2— »2BaO  -{-  02,  he  is  ready  for 
a  more  advanced  problem.  He  gets 
it  in  Si02,  of  which  common  sand  is 
mainly  composed.  This  substance 
contains  a  much  larger  percentage 
of  oxygen  than  does  either  mercuric 
oxide  or  barium  peroxide.  The  un¬ 
wary  student  may  be  induced  to 
write  either  Si02-^Si  -f-  02,  or 
2SiO— >2SiO  -f-  02,  and  to  test  the 
proposition  he  has  written  with  tube 
and  burner  and  glowing  splint.  He 
of  course  observes  no  stimulated 
combustion  to  show  oxygen  is  being 
released.  He  therefore  immediately 
raises  the  question  with  which  we 
now  concern  ourselves.  He  might 
frame  it  thus : 

“Look — this  reaction,  for  which  I 
have  set  up  a  reasonable-looking  bal¬ 


anced  equation,  won’t  go.  How  am 
I  supposed  to  know  when  something 
will  happen,  and  when  it  will  not?” 

This  is  really  quite  a  question. 
One  has  only  to  examine  some 
beginning  -  chemistry  texts,  high- 
school  or  collegiate,  to  appreciate 
it.  The  attention  of  the  student  is 
diverted,  generally,  to  other  matters 
less  difficult  and  less  embarrassing 
to  authors  and  instructors — for  in¬ 
stance,  to  new  reactions  from  which 
predicted  products  will  be  obtained. 
The  general  implication  exists  that 
some  reactions  that  can  be  written 
in  the  form  of  balanced  equations 
will  go,  and  some  will  not  go.  The 
reason  for  this  is  perhaps  non-exist¬ 
ent,  or  too  difficult  for  undergrad¬ 
uates  to  understand,  or  it  may  be 
none  of  the  business  of  beginning 
students  anyway. 

Although  the  author  of  the  text¬ 
book  is  remote  enough  from  the  dis¬ 
cussion  to  be  reasonably  relieved  of 
pressure,  the  teacher  is  not.  And 
the  question  has  a  way  of  persisting. 
Let  us,  therefore,  on  behalf  of  the 
teacher  and  student,  examine  the 
tyro  chemist’s  dilemma. 

Part  of  this  dilemma  comes  from 
labeling  the  written  summary  of  a 
chemical  reaction  an  “equation”.  In 
arithmetic  and  algebra,  an  equation 
is  a  statement  of  conservation 
through  a  process  of  rearrangement. 
In  chemistry,  it  is  this  also ;  the  equa¬ 
tion  states  that  mass  is  conserved  in 
an  ordinary  chemical  reaction.  In 
mathematics,  however,  the  possibility 
of  the  rearrangement  is  always  taken 
for  granted,  whereas  in  chemistry 
the  possibility  always  remains  to  be 
proved. 

Another  factor  comes  from  phys¬ 
ics,  which  our  bewildered  neophyte 
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may  have  also  studied.  That  subject 
is  beset  with  equations,  and  they 
have  predictive  power.  Thus,  for 
two  forces  of  known  magnitude  and 
direction,  a  third  force  can  be  cal¬ 
culated  to  provide  static  equilibrium. 
The  correctness  of  the  calculation 
can  be  demonstrated  dramatically 
by  the  composition-of -forces  table. 
Oo  this  basis,  the  student  expects 
any  equation  to  do  a  respectable  job 
of  predicting.  The  chemical  equa¬ 
tion,  which  does  not  predict,  he  is 
apt  to  regard  as  a  kind  of  conun¬ 
drum.  To  satisfy  him,  we  should  be 
able  to  endow  or  supplement  the 
chemical  equation  with  predictive 
power,  or  at  least  to  explain  clearly 
why  we  cannot  so  endow  or  supple¬ 
ment  it. 

Mathematics  and  physics,  which 
have  contributed  to  the  tyro’s  con¬ 
fusion  on  the  point  at  issue,  will 
now  be  invoked  to  help  resolve  it. 
Physics  derives  its  potent  mathemat¬ 
ical  equations  by  “static”  and  “dy¬ 
namic”  processes.  In  the  former, 
forces  or  torques  are  set  equal ;  in 
the  latter,  energies  are  set  equal. 
In  either  case,  useful,  predictive 
formulae  result.  (Parenthetically, 
note  that  in  physics  or  mathematics, 
a  formula  is  an  equation ;  whereas 
in  chemistry  a  formula  is  only  a 
part  of  an  equation,  as  a  word  is 
part  of  a  sentence.) 

The  static  process  might  seem  to 
bear  some  promise.  The  movement 
of  electrons  or  atoms  to  and  from 
molecules  or  parts  thereof  will  con¬ 
stitute  tiie  reaction  under  considera¬ 
tion.  If  the  magnitudes  and  direc¬ 
tions  of  all  forces  on  all  parts  of  this 
atomic  system  were  known,  the  direc¬ 
tions  and  extents  of  all  movements 
within  it  might  conceivably  be  cal¬ 


culated.  Then  a  decision  could  be 
made  as  to  whether  the  resulting 
total  displacement  would  be,  or 
would  include,  the  reaction  under 
consideration. 

A  practical  difficulty  intervenes. 
It  is  impossible  to  set  up  general 
equations  for  even  three  gravitating 
bodies,  which  will  fully  and  uniquely 
predict  the  motions  resulting  from 
mutual  interaction.  If  now  the  three 
bodies  are  replaced  by  myriads  of 
millions,  possibly  of  several  diverse 
kinds,  each  heterogeneous,  and  each 
with  electrostatic  and  magnetic  fields 
in  addition  to  its  gravitational  field, 
the  possibilities  for  complexity  are 
fantastic.  Previous  motions  of  mole¬ 
cular  and  submolecular  units  and 
the  special  restrictions  of  the  quan¬ 
tum  theory  contribute  prohibitive 
problems.  The  static  method  of 
physics,  as  a  means  of  predicting 
the  possibility  of  a  reaction,  is  be¬ 
yond  consideration. 

The  dynamic  process  is  therefore 
considered.  Indeed,  the  tyro  will 
move  automatically  toward  it  as  he 
pursues  his  first  chemistry  course. 
The  introduction  may  well  be  two 
experiments  shown  to  him  in  quick 
succession.  In  one,  steam  (hydrogen 
oxide)  is  passed  over  hot  iron,  pro¬ 
ducing  iron  oxide  and  hydrogen.  The 
hydrogen  is  duly  collected  and 
burned.  The  chemical  equation  3Fe 
-j-4H20— >Fe304+4H2  is  written  by 
the  demonstrator,  and  believed 
by  the  student  because  of  the  con¬ 
crete  evidence  before  him.  In  the 
other  experiment,  hydrogen  is  gen¬ 
erated,  dried,  and  passed  over  hot 
iron  oxide.  A  visible  evolution  of 
water  occurs,  and  iron  metal  is 
formed,  sometimes  in  a  fascinating 
pyrophoric  modification.  Again,  an 
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equation  may  be  written,  and  ac¬ 
cepted.  It  reads:  4H2-|-Fe304— > 
4H20-f  3Fe.  The  second  equation  is 
obviously  the  reverse  of  the  first. 
Both,  in  fact,  can  be  written  as  one, 
with  the  use  of  two  arrows,  thus: 
4H2+Fe304±^4H20+3Fe.  The  stu¬ 
dent  here  encounters  the  reversible 
reaction.  He  is  led  to  think  of  the 
results  of  sealing  iron  and  water  in 
one  flask,  and  iron  oxide  and  hydro¬ 
gen  in  another,  and  heating  both  to 
reacting  temperature.  The  concept 
of  equilibrium  in  a  chemical  reac¬ 
tion  is  now  a  part  of  his  equipment. 

Reaction  speed,  he  learns,  is  moles 
per  liter  per  minute  of  substance 
converted.  With  fixed  temperature 
and  catalytic  conditions,  reaction 
speed  is  proportional  to  concentra¬ 
tions,  in  moles  per  liter,  of  things 
being  consumed.  A  mathematical 
equation  applying  this  “law  of  mass 
action”  can  be  set  up  for  each  of 
the  two  facets  of  the  reversible  reac¬ 
tion.  At  equilibrium,  the  two  speeds 
can  be  equated.  The  resulting  equa¬ 
tion  can  be  solved  for  the  ratio  of 
the  two  velocity  constants.  This 
ratio  can  be  replaced  by  a  single 
new  constant,  called  the  “equilib¬ 
rium  constant”.  Representing  con¬ 
centrations  by  square  brackets  about 
the  formulae  of  the  respective  sub¬ 
stances,  the  equilibrium  constant  for 
the  reversible  reaction  represented 
above  appears  as 

[FesO„]  [Ho]4 
Ke  = - 

[Fe]3  [IFO] 4 

(The  rudimentary  constant  given 
above  needs  many  refinements  before 
being  useful  for  precise  calculations. 
The  refinements  are  not  here  pre¬ 
sented  because  they  are  not  pertinent 


to  the  present  discussion.)  This 
equilibrium  constant  will  remain 
constant,  no  matter  how  the  relative 
concentrations  mav  be  varied,  if 
only  the  temperature  remains  con¬ 
stant.  Even  catal3rsis  cannot  change 
it. 

The  inquiring  tyro  may  transfer 
the  new  concept  to  the  old  problem, 
by  assuming  that  all  reactions  pos¬ 
sess  reversibility,  but  in  highly-vari- 
able  degrees.  Since  silicon  will  com¬ 
bine  with  oxygen  to  form  silicon 
dioxide,  the  reverse  reaction  should 
also  occur.  This  reverse  reaction  is 
the  decomposition  of  silicon  dioxide 
into  silicon  and  oxygen.  The  tyro 
probably  melted  his  test  tube  trying 
vainly  to  produce  enough  oxygen 
from  it  to  get  a  test ;  from  which  he 
must  conclude  that  the  equilibrium 
constant  for  this  reaction, 

[Si]  [OJ 

Ke  =  - , 

[Si02] 

is  very  small  at  the  highest  tempera¬ 
tures  attainable  in  glass  vessels.  He 
has,  of  course,  no  answer  to  his  de¬ 
mand  for  a  predictive  power  over 
chemical  reactions.  He  does  have, 
however,  the  means  of  asking  his 
question  in  a  better  form.  He  may 
ask  now:  “How  can  I  calculate  in 
advance  the  equilibrium  constant  of 
this  reaction  for  which  I  have  writ¬ 
ten  an  equation?”  The  new  form  is 
better  than  the  old  because  it  is  cast 
iu  the  inherently  precise  language 
of  mathematics. 

It  is  evident  that  if  the  equilib¬ 
rium  constant  be  given,  the  equilib¬ 
rium  yield  of  oxygen  can  be  cal¬ 
culated,  it  also  initial  amounts  of 
starting  material,  and  byproduct,  if 
any,  and  the  volume  of  the  reaction 
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chamber  be  known.  It  is  also  evi¬ 
dent,  however,  that  the  necessary 
equilibrium  constant  is  as  yet  avail¬ 
able  only  by  virtue  of  the  reaction 
having  been  done  at  least  once,  with 
measurement  of  the  equilibrium  con¬ 
centration.  Our  tyro  has  become  able 
to  calculate  equilibrium  yields  for 
a  varietv  of  “scrambles”  of  start- 
ing’  materials  and  products  initially 
mixed.  He  cannot,  however,  grasp 
the  predictive  power  he  seeks  be¬ 
cause  he  cannot  write  the  equilib¬ 
rium  constant  before  the  reaction 
lias  ever  been  done. 

The  equilibrium  constant  changes 
with  changing  temperature.  This 
fact  does  not  make  necessary  a  sepa¬ 
rate  experimental  evaluation  of  Ive 
for  each  new  temperature.  If  the 
heat  evolved  during  a  reaction  is 
known,  an  equilibrium  constant  at 
a  second  temperature  may  be  cal¬ 
culated  from  an  equilibrium  constant 
given  at  a  first  temperature.  Also, 
the  heat  of  reaction  is  an  additive 
quantity  which  for  a  given  reaction 
can  sometimes  be  calculated  from 
other  reactions  already  tabulated  in 
the  literature.  It  is  still  necessary 
to  carry  out  the  reaction  once  to  get 
its  equilibrium  constant  at  some  tem¬ 
perature,  of  course,  and  fundamen¬ 
tal  predictive  power  still  eludes  our 

tvro. 

•/ 

Heat  has  been  injected  into  our 
dynamics;  this  makes  it  “thermody¬ 
namics”.  Thermodynamics  is  “in¬ 
fested”  with  calculus.  Calculus  was 
involved  in  the  equation  for  shift¬ 
ing  the  equilibrium  constant  with 
shifting  temperatures,  and  the  end 
is  not  yet.  Calculus  will  be  viewed 
by  the  student  with  suspicion  and 
aversion.  To  him  it  will  be  a  bar¬ 
rier  rather  than  a  ladder  between 


him  and  his  goal  of  predictive  power. 
And  that  goal  is  not  yet  even  in 
sight. 

The  goal  is,  nevertheless,  just 
around  the  corner.  Consider  the  re¬ 
acting  substances  in  question  to  be 
in  equilibrium  inside  a  box.  Imagine 
pumps  available  to  move  ingredi¬ 
ents  into  the  box,  and  to  move 
products  from  it.  Let  each  pump 
have  between  it  and  the  box  a  dia¬ 
phragm,  permeable  to  only  its  own 
component  of  the  reacting  system. 
Let  all  this  apparatus  be  at  a  con¬ 
stant  temperature.  Then  imagine  the 
pumps  all  operating  very  slowly,  so 
as  to  transfer  a  mole  of  product 

from  the  box,  and  also  the  necessarv 

*  «/ 

moles  of  byproducts  from  it,  and  of 
ingredients  into  it.  Let  the  amounts 
of  materials  of  all  sorts  in  the  box 
be  the  same  after  as  before.  Calcu¬ 
late  the  net  work  expended  in  oper¬ 
ating  the  pumps.  From  this  net 
work,  the  temperature,  the  pressures 
of  all  the  ingredients  in  their  sepa¬ 
rate  pumps,  and  from  the  universal 
gas  constant,  you  may  derive  the 
logarithm  of  the  equilibrium  con¬ 
stant.  The  net  work  mentioned  above 
is  the  “free  energy  change”  of  the 
reaction.  The  equation  connecting 
the  free  energy  and  the  equilibrium 
constant  is  especially  simple  if  re¬ 
actants  and  products  are  all  at 
“standard  states”  before  being  put 
into  the  equilibrium  box  or  after  be¬ 
ing  removed  from  it.  Standard  states 
are  attained  for  gases  by  having 
them  at  one  atmosphere  pressure. 
Solutes  are  in  standard  state  when 
at  molar  concentrations.  Pure  solids 
and  liquids  have  their  own  special 
standard  states. 

Free  energies  have  been  assigned 
for  many  chemical  reactions.  Most 


12 


Illinois  Academy  of  Science  Transactions 


reactions  thus  treated  are  formations 
of  compounds  from  their  elements, 
all  ingredients  being  in  appropriate 
standard  states.  Free  energy  changes 
thus  recorded  are  usually  for  25°  C. 
If  a  new  reaction  whose  extent  is 
to  be  predicted  can  be  shown  equal 
to  any  series  of  reactions  for  which 
the  free-energy  changes  are  known, 
its  own  free-energy  change  can  be 
calculated  by  simple  summation. 
When  its  own  free  energy  change 
can  be  calculated,  for  usual  stand¬ 
ard-state  conditions,  its  equilibrium 
constant  can  be  estimated  for  25°  C. 
From  the  one  equilibrium  constant, 
that  at  any  other  temperature  can 
be  estimated,  if  the  heat  of  reaction 
be  known.  If  the  heat  of  reaction 
be  known  at  one  temperature,  and  if 
the  equations  for  the  specific  heats 
of  all  the  reaction  ingredients  be 
known  also  through  a  sufficient 
range,  the  heat  of  reaction  and  the 
equilibrium  constant  can  be  calcu¬ 
lated  at  the  new  temperature.  Since 
both  the  standard  free-energy  change 
and  the  heat  of  reaction  at  some  one 
temperature  may  conceivably  be  cal¬ 
culated  from  data  derived  from  re¬ 
actions  other  than  the  one  being 
studied,  it  becomes  possible,  to  cal¬ 
culate  the  equilibrium  constant  in 
advance  of  doing  the  experiment. 
The  tyro’s  question  has  been  an¬ 
swered  ! 

Obviously,  the  answer  isn ’t  of  any 
practical  use  to  the  beginning  stu¬ 
dent  of  chemistry.  He  lacks  the 
mathematical  and  physical  training 
needed  to  apply  it.  He  couldn’t  be 
sure  of  finding  the  needed  data  for 
an  arbitrarily-selected  case.  If  he 
did  have  all  the  knowledge  and  all 
the  data,  he  would  need  to  figure  in¬ 
dustriously  for  half  a  day  before  he 


would  have  his  prediction  ready.  In 
most  cases  experiment  would  be 
quicker  than  calculation. 

We  have  also  ignored  another  im¬ 
portant,  item,  which  is  the  rate  of 
approach  to  equilibrium.  To  make 
perceptible  progress  toward  equilib¬ 
rium  might  require  a  century  or 
more.  If  the  student  has  calculated, 
for  a  hypothetical  reaction,  an  equi¬ 
librium  constant  which  promises  him 
a  useful  yield,  he  can  not  thereby 
prove  that  this  yield  would  become 
available  to  him  before  he  died  of 
old  age.  If  he  would  solve  this  neAv 
problem,  he  must  confront  a  whole 
new  area  of  pseudo-thermodynamics. 
The  new  area  possesses  more  com¬ 
plex  equations  and  fewer  available 
data  than  does  the  old. 

In  short,  the  thermodynamic  solu¬ 
tion  of  the  problem  is  in  reach,  but 
barely.  It  is  so  laborious  and  cum¬ 
bersome  that  it  might  as  well,  almost, 
be  as  unattainable  as  the  static  solu¬ 
tion  first  contemplated. 

Modern  theorists  have  turned  to 
the  probability  of  the  presence  of 
electrons  in  assigned  locations  as  a 
basis  for  predicting  the  extent  of 
an  hypothesized  reaction.  This  third 
plan,  applied  loosely  and  qualita¬ 
tively,  can  readily  lead  to  conflict¬ 
ing  predictions.  A  book  advertise¬ 
ment  received  recently  stated  that 
“electronic  theory  is  presented  as 
an  aid  to  understanding  and  memory 
rather  than  as  ...  a  predictive 
tool”;  I  sympathize  with  this  view¬ 
point,  Used  quantitatively,  the  third 
plan  leads  to  mathematical  calcula¬ 
tions  even  more  involved  than  those 
of  classical  thermodynamics.  So  dif¬ 
ficult  are  these  calculations  that  they 
have  scarcely  been  attempted  for 
the  interaction  of  any  system  more 
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complicated  than  that  consisting  of 
one  proton  and  one  electron. 

We  left  our  inquiring  beginner 
with  his  smoldering  test-tube  of 
sand  outside  the  mathematical  bar¬ 
riers  over  which  we  have  passed.  He 
is  smoldering  internally  also  when 
we  return  to  him,  for  he  feels  that 
lie  kllie  victim  of  a  mean  pedagogi¬ 
cal  trick.  He  handed  us  an  unan¬ 
swerable  question.  We  return  it  to 
him,  and  it  is  still,  for  him,  unan¬ 
swerable.  Is  there  anything  we  can 
tell  him  about  predicting  whether  a 
reaction  will  proceed  to  a  useful  ex¬ 
tent  within  a  reasonable  time? 

About  all  we  can  say  to  help  him 
is  this :  ‘  ‘  The  balanced  chemical 

equation  has  no  inherent  qualita¬ 
tive  predictive  power.  After  you 
write  the  reactants  on  the  left,  you 
have  no  assurance  of  any  measurable 
amount  of  product  appearing  to  rep¬ 
resent  the  right-hand  side.  If  con¬ 
flicting  choices  confront  you,  the 
equation  does  not  help  you  choose. 
The  right-hand  side  of  the  equation, 
for  any  practical  purpose,  must  be 
written  on  the  basis  of  knowledge, 
or  guess.  The  knowledge  may  be 
3rour  own,  gained  by  direct  test.  Such 
must  be  recorded  or  memorized  to 
remain  available  to  you,  and  pub¬ 


lished  if  it  is  to  be  made  available 
to  others.  The  knowledge  may  be 
that  of  others,  which  you  have  drawn 
from  their  records. 

“The  guess  is  an  entirely  legiti¬ 
mate  procedure.  It  need  not  be  an  en¬ 
tirely  blind  guess.  Atomic  diagrams, 
periodic-chart  relationships,  and 
homology  in  organic  compounds  can 
all  suggest  analogies  between  fam¬ 
iliar,  memorized  reactions  and  un¬ 
familiar  ones  whose  outcomes  are  to 
be  predicted.  The  more  examples 
you  know,  the  more  easily  and  ex¬ 
actly  you  can  predict.  Therefore, 
in  the  beginning  of  your  chemical 
study,  you  must  become  familiar  by 
rote  with  as  many  examples  as  you 
can.  You  must  also  learn  to  consult 
quickly  the  records  for  more  infor¬ 
mation  than  you  can  carry  unassist¬ 
ed.  Whether  we  like  to  have  it  so  or 
not,  chemistry  is  still  far  from  being 
a  predictive  science.  It  is  still  large¬ 
ly  an  experimental  art.” 

And  finally,  the  rest  of  us  may 
draw  the  modest  moral  that  there  is 
hope  for  the  future  of  science,  so 
long  as  there  are  some  people  in  its 
ranks  who  ask  unanswerable  ques¬ 
tions,  and  others  who  try  to  answer 
them. 
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PAPERS  PRESENTED 


AQUATIC  BIOLOGY 

W.  M.  GERSBACHER,  Chairman 
Southern  Illinois  University,  Carbonclale 

*The  Boat  Fishermen’s  Catch  at  Crab  Orchard  Lake  During  the  Spring,  Summer, 
and  Fall  of  1954.  Ronald  Gene  Newton  and  William  M.  Lewis,  Southern 
Illinois  University,  Carbondale. 

Observations  on  Sex  Ratio  of  Yellow  Bass  Captured  in  Hoopnets.  Donald  F. 

Hansen,  State  Natural  History  Survey,  Urbana. 

Age  and  Rate  of  Growth  of  the  Yellow  Bullhead  in  Reelf oot  Lake,  Tennessee. 

Robert  J.  Schoffman,  Spalding  Institute,  Peoria. 

Fate  of  Smallmouth  Bass  Fry  under  Flood  Conditions.  Weldon  Larimore  and 
William  Childers,  State  Natural  History  Survey,  Urbana,  and  State  Depart¬ 
ment  of  Conservation,  Springfield. 

Further  Changes  in  the  Fish  Population  of  Ridge  Lake  as  a  Result  of  Drawdowns. 
George  W.  Bennett,  State  Natural  History  Survey,  Urbana. 

*Recent  Collections  of  Some  Rare  and  Less  Common  Southern  Illinois  Fishes. 
Gerald  E.  Gunning  and  William  M.  Lewis,  Southern  Illinois  University,  Car¬ 
bondale. 

♦Limnology  of  the  Middle  Mississippi  River  and  Adjacent  Waters.  II.  Observations 
on  the  Life-histories  of  Aquatic  Diptera.  Troy  C.  Dorris,  Quincy  College, 
Quincy. 

♦Thermal  Stratification  of  the  Water  of  Two  Artificial  Impoundments  in  Southern 
Illinois.  W.  M.  Gersbacher,  Southern  Illinois  University,  Carbondale. 

The  12th  Congress  of  the  International  Association  of  Limnology — Britain,  1953. 
Norman  0.  Levardsen,  Northern  Illinois  State  College,  DeKalb. 

ARCHAEOLOGY  AND  ANTHROPOLOGY 

IRVIN  PEITHMANN,  Chairman 
Southern  Illinois  University,  Carbonclale 

A  Glimpse  of  Southern  Illinois  Archaeology.  William  Farley,  Harrisburg. 

Hilltop  Reflections.  Joe  Thomas,  Cobden. 

American  Indian  Place  Names  Across  the  Map  of  Illinois.  C.  C.  Burford,  Urbana. 
Archaeology  of  Mexico.  Dan  Morse,  Peoria. 

A  Petroglyph  Site  at  Fountain  Bluff,  Jackson  County,  Illinois.  Irvin  Peithmann, 
Southern  Illinois  University,  Carbondale. 

Archaeological  and  Historical  Evidence  in  Wabash  County,  Illinois.  Jim  Gillihan, 
Mt.  Carmel. 


BOTANY 

Section  A 

BARBARA  F.  PALSER,  Chairman 
University  of  Chicago,  Chicago 

Growth  Responses  of  Regnellidium  diphyllum  Sporelings  to  Variations  in  the 
Concentration  of  the  Nutrient  Solution.  William  W.  Bloom,  Valparaiso 
University,  Valparaiso,  Indiana. 

♦Demonstrating  Mineral-nutrient  Deficiencies  with  Regnellidium  diphyllum.  Paul  D. 
Voth,  University  of  Chicago,  Chicago. 

*  Published  in  this  volume. 
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*Lipase  Activity  in  Cotton  Seedlings.  Wayne  J.  Mcllrath,  University  of  Chicago, 
Chicago. 

Alterations  in  Stem  Tips  at  Flowering.  Paul  V.  Prior,  Northern  Illinois  State 
College,  DeKalb. 

The  Anatomy  and  Ecology  of  Ampelothamnus  phillyreifolius  (Hook)  Small. 
Jean  M.  Voegeli,  Rockford  College,  Rockford. 

Carex  in  Rock  River  Valley  in  Northern  Illinois.  George  D.  Fuller,  Illinois  State 
Museum,  and  Egbert  W.  Fell,  Rockford.  Read  by  title. 

*Tree  classes  in  the  Unmanaged  Forests  of  Southern  Illinois  and  Application  to 
Forest  Management.  Leon  S.  Minckler,  Central  States  Forest  Research 
Center,  U.  S.  Forest  Service,  Carbondale. 

*  Amount  of  Throughfall  and  Stemflow  in  a  Shortleaf  Pine  Plantation  as  Related  to 
Rainfall  in  the  Open.  W.  R.  Boggess,  Dixon  Springs  Experiment  Station, 
University  of  Illinois,  Robbs. 

Gelatinous  Fibers  in  Eastern  Cottonwood  in  Relation  to  Lean  and  Position  in 
Trees.  Margaret  Kaeiser  and  Kenneth  D.  Stewart,  Southern  Illinois  Uni¬ 
versity,  Carbondale. 

Distribution  and  Concentration  of  Gelatinous  Fibers  in  the  Outer  Growth  Ring 
of  the  Bole  of  an  Eastern  Cottonwood.  Kenneth  D.  Stewart,  Southern  Illinois 
University,  Carbondale. 

influence  of  Washing  Time  on  Infection  by  Tobacco  Mosaic  Virus.  J.  L.  Dale 
and  H.  H.  Thornberry,  University  of  Illinois,  Urbana. 


Section  B 

MARGARET  KAEISER,  Presiding 
Southern  Illinois  University ,  Carbondale 

Shrunken-floury,  a  New  Gene  Affecting  Protein  Synthesis  in  Maize.  Dewayne  L. 
Richardson,  University  of  Illinois,  Urbana. 

*Problems  in  the  Use  of  Multiflora  Rose.  W.  D.  Klimstra,  Southern  Illinois  Uni¬ 
versity,  Carbondale. 

*Vegetational  Features  of  Some  Strip-Mined  Lands  in  Southern  Illinois.  Richard 
Brewer  and  Edward  D.  Triner,  Southern  Illinois  University,  Carbondale. 

*  Aquatic  and  Marginal  Vegetation  of  Strip  Mine  Waters.  Roger  Bell,  Southern 
Illinois  University,  Carbondale. 

A  Phytoplankton  Study  of  the  Eastern  Illinois  State  College  Campus  Lake. 
Charles  Compton  and  Kenneth  E.  Damann,  Eastern  Illinois  State  College, 
Charleston. 


CHEMISTRY 

Section  A 

EDWARD  L.  HILL,  Chairman 
Augustana,  College,  Rock  Island 

The  Preparation  of  Mercury-indigo-disulfonate  for  the  Treatment  of  Cancer.  J.  E. 
Davis,  Bernard  Foundation  for  Medical  Research,  Chicago. 

A  Study  of  New  Hampshire  X  Barred  Columbian  Chicks  from  Two  Days  to  Ten 
Weeks  of  Age.  I.  Growth;  Organ  Weights;  Liver  Fat  and  Protein;  Femur 
and  Tibia  Fat  and  Ash.  C.  E.  Schoettle,  E.  F.  Reber,  J.  O.  Alberts,  and  H.  M. 
Scott,  University  of  Illinois,  Urbana. 

*  Survival  Following  Treatment  with  Isoniazid  in  Experimental  Tuberculosis — 
Resistance  to  Reinfection.  B.  C.  Sher  and  Z.  G.  Czaja,  Municipal  Tuberculosis 
Sanitarium,  Chicago. 


*  Published  in  this  volume. 
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*Biochemorphological  Effects  of  N-allyl  Substitution  on  Barbiturate  Compounds. 
J.  A.  Gylys  and  C.  D.  Proctor,  Stritch  School  of  Medicine,  Loyola  University, 
Chicago. 

*Studies  on  the  Distribution  of  Adenosinetriphosphatase.  John  Rebar,  Jr.,  Blanche 
Tigerman,  and  C.  D.  Proctor,  Stritch  School  of  Medicine,  Loyola  University, 
Chicago. 

*Studies  on  the  Distribution  of  Cholinesterase.  Blanche  Tigerman,  John  Rebar,  Jr., 
and  C.  D.  Proctor,  Stritch  School  of  Medicine,  Loyola  University,  Chicago. 

fThe  Polarographic  Determination  of  Sulfhydryl  Groups.  C.  D.  Proctor,  Stritch 
School  of  Medicine,  Loyola  University,  Chicago. 

Biochemical  Aspects  of  Certain  Fungi.  J.  D.  Larson,  The  J.  David  Larson  Associ¬ 
ates,  Hinsdale. 


Section  B 

K.  VAN  LENTE,  Presiding 
Southern  Illinois  University ,  Carbo?idale 

*X-ray  Diffraction  Analysis  of  Highly  Hydrated  Dolomitic  Lime.  W.  F.  Loranger, 
United  States  Military  Academy,  West  Point,  N.  Y.,  and  G.  L.  Clark,  Univer¬ 
sity  of  Illinois,  Urbana. 

*Nonionic  Detergents.  J.  V.  Karabinos,  Blockson  Chemical  Company,  Joliet. 
Comparison  of  the  American,  British,  and  French  Standard  Methods  for  Deter¬ 
mining  Volatile  Matter  in  Coal.  0.  W.  Rees,  F.  C.  Coolican,  and  E.  D.  Pierron, 
State  Geological  Survey,  Urbana. 

Decomposition  Potentials  of  Salts  of  Organic  Acids  in  Nonaqueous  Solvents.  S.  J. 
Vellenga,  Monmouth  College,  Monmouth. 

*Some  Mannich  Reactions.  Carl  Weatherbee,  James  Millikin  University,  Decatur. 

The  Estimation  of  “Acid-insoluble”  Compounds  in  Yeasts.  M.  Ogur,  Southern 
Illinois  University,  Carbondale. 

A  Student’s  Periodic  Table  as  a  Fundamental  Basis  for  the  Teaching  of  Chemistry. 
C.  P.  Midgley,  Lake  Villa  Consolidated  Community  School,  Lake  Villa. 


GEOGRAPHY 

ROBERT  A.  HARPER,  Chairman 
Southern  Illinois  University ,  Carbondale 

The  Postwar  Emigration  from  the  Netherlands.  Edward  Hamming,  Augustana 
College,  Rock  Island. 

Land-use  Problems  in  the  Lower  Nile  Valley.  Floyd  F.  Cunningham,  Southern 
Illinois  University,  Carbondale. 

*The  Time-lapse  Method  of  Reconnaissance  Land-use  Mapping.  Robert  L.  Carmin, 
University  of  Illinois,  Urbana. 

*Patterns  of  Industrial  Change  in  Illinois.  Howard  G.  Roepke,  University  of 
Illinois,  Urbana. 

|The  Urban-rural  Industrial  Balance  in  Illinois.  Jerome  D.  Fellmann,  University 
of  Illinois,  Urbana. 

Activities  of  the  State  Water  Survey  Division.  A.  M.  Buswell,  State  Water 
Survey,  Urbana. 

*The  Illinois  Weather  Record  Punch  Card  System.  Stanley  A.  Changnon,  Jr., 
State  Water  Survey,  Urbana. 

The  Inner  Coastal  Plain  of  North  Carolina.  Reece  A.  Jones,  Western  Illinois 
State  College,  Macomb. 

*The  Orchard  Industry  of  Southern  Illinois.  Dalias  A.  Price,  Southern  Illinois 
University,  Carbondale. 

*Changing  Patterns  of  Corn  Production.  The  Position  of  Illinois  in  the  United 
States.  Andreas  Grotewold,  University  of  Chicago,  Chicago. 


*  Published  in  this  Volume, 
f  To  be  published  in  next  volume. 
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GEOLOGY 

STANLEY  E.  HARRIS,  JR.,  Chairman 
Southern  Illinois  University,  Carbondale 

*Preliminary  Studies  of  the  Evidence  for  the  Relative  Age  of  Dolomitization  in 
the  Ordovician  Platteville  Limestone  of  North-central  Illinois.  Frank  H.  T. 
Rhodes  and  Donald  M.  Henderson,  University  of  Illinois,  Urbana. 

The  Geneva  (Middle  Devonian)  Dolomite  in  Illinois.  Howard  Schwalb,  State 
Geological  Survey,  Urbana. 

Color  Slides  of  Rock  and  Till  Thin  Sections.  Robert  Sitler,  University  of  Illinois, 
Urbana. 

Microstratigraphic  Study  of  a  Pennsylvania  Black  Shale.  Eugene  S.  Richardson, 
Jr.,  and  Rainer  Zangerl,  Southern  Illinois  University,  Carbondale. 

Geologic  and  Geophysical  Investigations  for  Glacial  Drift  Aquifers  near  Shelby- 
ville,  Illinois.  James  E.  Hackett,  State  Geological  Survey,  Urbana. 

Groundwater  Geology  of  the  East  St.  Louis  Region,  Illinois.  Robert  Bergstrom, 
State  Geological  Survey,  Urbana. 

*John  Josselyn’s  Observations  on  New  England  Geology  of  1672  and  1673.  George 
W.  White,  University  of  Illinois,  Urbana. 


PHYSICS 

CHARLOTTE  ZIMMERSCHIED,  Chairman 
Southern  Illinois  University,  Carbondale 

Winds  and  Temperatures  in  the  Upper  Atmosphere.  Charles  J.  Brasefield,  Southern 
Illinois  University,  Carbondale. 

Some  Variations  in  the  Ballistic  Pendulum  Experiment.  P.  Scott  Smith,  Eastern 
Illinois  State  College,  Charleston. 

A  Determination  of  the  Absolute  Flux  of  the  Primary  Component  of  the  Cosmic 
Radiation  with  a  Z  Equal  to  or  Greater  than  Ten.  O.  B.  Young  and  W.  C. 
Ballowe,  Southern  Illinois  University,  Carbondale. 

Quantitative  Consideration  of  Friction  in  Undergraduate  Dynamics  Experiments. 
Harold  P.  Stephenson,  Illinois  Wesleyan  University,  Bloomington. 

Optimal  Systems  in  Biology.  David  L.  Cohn,  University  of  Chicago,  Chicago. 

Room  Cleaning  and  Disinfecting  by  Electrostatic  Collection.  Hal  Fruth,  Hal 
Fruth  Associates,  Skokie. 


SCIENCE  EDUCATION,  PSYCHOLOGY, 
AND  SOCIAL  SCIENCE 

ROBERT  A.  BURLINGTON,  Chairman 
northern  Illinois  State  College,  DeKalb 

*Recent  Developments  in  Applied  Genetics  in  the  Field  of  Agriculture.  Loring 
Jones,  DeKalb  Agricultural  Association,  Inc.,  DeKalb. 

Outdoor  Education — A  Progress  Report  on  the  Lorado  Taft  Field  Campus.  George 
L.  Terwilliger,  Northern  Illinois  State  College,  DeKalb. 

Verbal  Learning  and  Message  Variables  Related  to  Amount  of  Information. 
F.  A.  Muckier,  M.  Adelson,  and  A.  C.  Williams,  Jr.,  University  of  Illinois, 
Urbana. 

Better  Adjustment.  Alexander  P.  Szatkowski,  Chicago  College  of  Osteopathy, 
Chicago. 


*  Published  in  this  Volume. 
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ZOOLOGY 

Section  A 

C.  LEPLIE  KANATZAR,  Chairman 
MacMurra'y  College,  Jacksonville 

Evolution  Among  the  Ciliated  Protozoa.  John  0.  Corliss,  University  of  Illinois, 
Urbana. 

f  A  Comparison  of  Past  and  Present  Naiad  Populations  in  Southern  Illinois.  Paul  W. 
Parmalee,  State  Museum,  Springfield. 

Species  Flocks  of  Leaflioppers  on  Illinois  Trees.  Herbert  H.  Ross,  State  Natural 
History  Survey,  Urbana. 

Some  Interesting  Distribution  Patterns  in  Illinois  Hemiptera.  Thomas  E.  Moore, 
State  Natural  History  Survey,  Urbana. 

*A  Study  of  a  Neglected  Peach  Orchard.  Stewart  C.  Chandler,  State  Natural 
History  Survey,  Urbana,  and  Southern  Illinois  University,  Carbondale. 

Mormoniella  vitripennis  as  a  Material  in  Genetic  Studies.  John  W.  Klotz,  Con¬ 
cordia  Teachers  College,  River  Forest. 

An  Analysis  of  the  Distribution  of  the  Illinois  Herpetofauna.  Philip  W.  Smith, 
State  Natural  History  Survey,  Urbana. 

*Southern  Limits  of  the  Least  Weasel  (Mustela  rixosa)  in  Central  United  States. 
Donald  F.  Hoffmeister,  University  of  Illinois,  Urbana. 

|The  Return  of  Beaver  to  Illinois.  Lysle  R.  Pietsch,  State  Natural  History  Survey, 
Urbana,  and  Illinois  Department  of  Conservation,  Dixon. 

*Notes  on  the  Parasites  of  Cottontail  Rabbits  in  Illinois.  Dean  H.  Ecke  and 
Ralph  E.  Yeatter,  Santa  Clara  County  Health  Department,  San  Jose,  Cali¬ 
fornia,  and  Illinois  Natural  History  Survey,  Urbana. 

Section  B 

NORMAN  D.  LEVINE,  Presiding 
University  of  Illinois,  Urbana 

Congenital  Duodenal  Atresia.  Robert  H.  G.  Monninger,  Presbyterian  Hospital, 
Chicago. 

The  Landing  Force  in  Domestic  Pigeons.  Harvey  I.  Fisher,  University  of  Illinois, 
Urbana. 

Frog  Muscle  as  an  Osmometer.  J.  K.  Aronson,  Chicago  College  of  Osteopathy, 
Chicago. 

Evaluation  of  Chemicals  Used  in  Control  and  Treatment  of  Diseases  Caused  by 
Pseudomonas  hydrophila.  Harold  M.  Kaplan,  Southern  Illinois  University, 
Carbondale. 

The  Use  of  the  Mouse  for  Aging  Studies.  Anita  Zorzoli,  Southern  Illinois  Uni¬ 
versity,  Carbondale. 

Comparative  Study  of  Reproductive  Systems  of  Normal  and  Piebald  Female 
Hamsters.  Robert  O.  Creek  and  Charles  L.  Foote,  Southern  Illinois  Uni¬ 
versity,  Carbondale. 

*Trichomonads  in  the  Golden  Hamster.  Wayne  W.  Wantland,  Illinois  Wesleyan 
University,  Bloomington. 

*Toxicity  of  Sodium  Fluoride  in  Hamsters.  Wayne  W.  Wantland  and  Thomas  A. 
Weidman,  Illinois  Wesleyan  University,  Bloomington. 

A  General  Theory  of  Cellular  Maturation.  Walter  Shriner,  Springfield. 

Section  C 

C.  LEPLIE  KANATZAR,  Chairman 
MacMurray  College,  Jacksonville 

A  Week  on  a  Whaler  Off  the  Norwegian  Coast.  Norman  O.  Levardsen,  Northern 
Illinois  State  College,  DeKalb. 


*  Published  in  this  volume, 
t  To  be  published  in  next  Volume. 
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COLLEGIATE  SECTION 

Section  A 

ROBERT  A.  EVERS,  Coordinator 
State  Natural  History  Survey ,  Urbana 

MICHAEL  SHEA,  Chairman 
St.  Procopius  College,  Lisle 

Crown  Gall  Disease  of  Plants.  Richard  Mortweet,  Eastern  Illinois  State  College, 
Charleston. 

Studies  on  a  Mold  Isolated  from  Aqueous  Pelargonate.  Eileen  Walinchus,  College 
of  St.  Francis,  Joliet. 

Determination  of  Sex  in  Human  Beings.  Charles  E.  Kelly,  St.  Procopius  College, 
Lisle. 

A  Wind  Tunnel  Experiment  for  General  Physics  Laboratory.  David  Richardson, 
Illinois  Wesleyan  University,  Bloomington. 

Electrical  Effects  in  Powdered  Semiconductors.  Frank  Ceney,  Southern  Illinois 
University,  Carbondale. 

Rate  Constants  of  Electrode  Reactions.  Christie  Enke,  The  Principia,  Elsah. 

Atomic  Rocket  Motor.  Francis  J.  Schima,  St.  Procopius  College,  Lisle. 

Mathematics  and  Space  Flight.  Marie  Veldman,  Rosary  College,  River  Forest. 

Section  B 

HARLEY  YOUNG,  Presiding 
Southern  Illinois  University,  Carbondale 

Sitosterols  from  American  Tall  Oil.  J.  J.  Hazdra,  St.  Procopius  College,  Lisle. 

*The  Conversion  of  Semicarbazones  of  «,  /3-unsaturated  Aldehydes  and  Ketones  to 
Pyrazoline-l-carboxamides.  Paul  D.  Klimstra,  Augustana  College,  Rock  Island. 

Preparation  of  Heterocyclic  Nitrogen  Compounds.  Ross  Latham,  Jr.,  The  Prin¬ 
cipia,  Elsah. 

Eutectics  of  Nonionic  Detergents  with  Phenols.  Lillian  Barnas,  College  of  St. 
Francis,  Joliet. 

♦Conductivity  of  System:  Aniline-nitrobenzene.  Irving  Sellers,  Monmouth  College, 
Monmouth. 

Subsurface  Geology  of  Patoka  South  Pool,  Marion  County,  Illinois.  C.  E.  Winn 
and  W.  J.  Daffron,  Southern  Illinois  University,  Carbondale. 

Geology  Field  Trip,  Southwestern  United  States  and  Mexico.  George  B.  Lott, 
Eureka  College,  Eureka. 

Geology  of  Fountain  Bluff  and  Devil’s  Backbone.  J.  A.  Porter,  Southern  Illinois 
University,  Carbondale. 

♦The  Clay  Mineralogy  of  the  “Blue  Band”  of  Coal  No.  6.  Warren  C.  Woltman, 
University  of  Illinois,  Urbana. 

Some  Aspects  of  Urea  Utilization  by  Ruminants.  Bernhard  C.  Hertlein,  Univer¬ 
sity  of  Illinois,  Urbana. 

Kolbe  Electrolysis  of  Cyclohexanebutyric  Acid.  Roland  Best,  Monmouth  College, 
Monmouth. 
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AQUATIC  BIOLOGY 

BOAT  FISHERMEN’S  CATCH  AT  CRAB  ORCHARD 

LAKE  DURING  1954 

RONALD  NEWTON  AND  WILLIAM  M.  LEWIS 
Department  of  Conservation  ancl  Southern  Illinois  University,  Carbondale 


Introduction 

Crab  Orchard  Lake  is  an  artificial 
impoundment  located  in  Williamson 
County,  Illinois.  It  covers  an  area 
of  6,600  acres,  and  the  average 
depth  is  approximately  11  feet.  The 
lake  is  9.5  miles  long  and  from 
0  5  to  1.5  miles  in  width  (Stall  et  al., 
1954).  In  general  the  lake  is  quite 
accessible.  The  game  fishes  of  the 
lake  include  :  white  crappie,  Pomoxis 
annularis;  largemouth  bass,  Micr op- 
terus  salmoides;  and  bluegill,  Le- 
pomis  macrochirus.  The  rough  fishes 
include:  European  carp,  Cyprinus 
carpio;  gizzard  shad,  Dorosoma 
cepedianum;  and  yellow  bullhead, 
Ameiurus  natalis  (Whitacre,  1952). 

This  study  was  aided  by  grants 
from  the  general  research  fund  of 
Southern  Illinois  University  and  the 
Division  of  Fisheries,  Illinois  De¬ 
partment  of  Conservation.  Mr.  Sam 
Parr,  Superintendent  of  Division  of 
Fisheries,  cooperated  on  behalf  of 
the  Department  of  Conservation. 

Methods 

A  creel  census  was  taken  at  Play 
Port  dock,  the  principal  boat  land¬ 
ing  on  Crab  Orchard  Lake.  The 
census  was  made  every  Saturday 
from  7  a.m.  to  7  p.m.  from  March  27 
through  October  16  and  every 
Wednesday  from  1:30  p.m.  to  8:30 
p.m.  from  April  28  through  July  14. 


The  data  recorded  included  the  size, 
number,  and  species  of  fishes,  the 
number  of  hours  fished  by  each  fish¬ 
erman,  the  method  used,  and  the  time 
of  day  fished.  The  creel  census  did 
not  include  bank  fishermen.  For 
purposes  of  evaluating  fishing  suc¬ 
cess,  the  catch  figures  at  Crab  Or¬ 
chard  were  compared  with  catch  fig¬ 
ures  given  in  Carlander  (1950).  An 
aerial  count  was  made  of  fishing 
boats  on  the  lake  at  3  :00  p.m.  each 
Saturday  from  May  15  through  July 
17.  The  number  of  fishing  boats 
counted  was  compared  with  the  num¬ 
ber  of  boats  checked  out  from  Play 
Port  dock  to  reveal  the  percentage 
of  boats  censused. 

Results 

Nine  aerial  counts  of  boats  on  the 
lake,  as  compared  with  the  number 
docking  at  Play  Port  Dock,  indi¬ 
cated  that  an  average  of  41  per  cent 
of  the  boat  fishing  was  covered  by 
the  census.  The  values  ranged  from 
30  to  63  per  cent. 

Fishing  with  minnows  in  Crab 
Orchard  Lake  during  the  spring, 
March  22  through  June  1,  was  fair¬ 
ly  good  (Table  1).  The  fishermen 
using  minnows  were  primarily  in¬ 
terested  in  crappie,  although  a  few 
other  species  were  taken.  The  catch 
of  crappie  consisted  primarily  of 
two  sizes,  one  centering  around  six 
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Table  1— The  Catch  by  Boat  Fishermen  Using  Minnows  at  Crab  Orchard  Lake,  1954. 


Date 

Man¬ 

hours 

Catch  per  hour1 

Crappie 

Bass 

Yellow 

bass 

Bullhead 

Bluegill 

March  27 . 

115 

0 . 643 

0 . 009 

0.000 

0.009 

0 . 000 

April  3,  10 . 

298 

0.174 

0 . 003 

0.000 

0 . 000 

0 . 000 

April  17,  24,  28 . 

1,052 

0.575 

0 . 002 

0.017 

0 . 000 

0.007 

May  1,  5,  8,  12 . 

1,072 

0.642 

0 . 004 

0.011 

0.002 

0 . 000 

May  15,  19,  22,  26,  29 . 

1,180 

0.457 

0 . 003 

0 . 006 

0.001 

0.001 

.June  12 . 

144 

0.402 

0.000 

0.000 

0.000 

0 . 000 

June  19,  23,  26,  30 . 

306 

0.212 

0.010 

0.026 

0.000 

0 . 000 

July  3,  7,  10,  14 . 

119 

0.207 

0.008 

0 . 000 

0.017 

0.000 

July  17,  24,  31 . 

90 

0.044 

0.011 

0.000 

0.000 

0 . 000 

August  7,  14 . 

179 

0.821 

0.000 

0.000 

0.006 

0.000 

August  21 ,  28 . 

118 

0 . 068 

0.000 

0.000 

0.000 

0.000 

September  4,  11 . 

131 

0.992 

0.000 

0.000 

0.000 

0.000 

September  18,  25 . 

138 

0.398 

0.000 

0 . 000 

0.000 

0 . 007 

October  2,  9,  16 . 

168 

1.196 

0.012 

0.060 

0.006 

0.000 

Total  and  means . 

5,110 

0.518 

0.004 

0.011 

0.002 

0.002 

1  Miscellaneous  catches  included:  three  longear  sunfish,  Lepomis  megalotis ;  three  carp;  and  one 
Chaenobryttus  coronarius. 


Table  2. — The  Catch  by  Boat  Fishermen  Using  Plugs  at  Crab  Orchard  Lake,  1954. 


Dates 

Man¬ 

hours 

Catch  p 

Bass 

er  hour1 

Crappie 

March  27 . 

4 

1 . 000 

1.250 

April  3,  10 . 

85 

0.000 

0.108 

April  17,  24,  28 . 

135 

0.007 

0.089 

May  1,  5,  8,  12 . 

79 

0.139 

0 . 000 

May  15,  19,  22,  26,  29 . 

236 

0.072 

0.106 

June  12 . 

56 

0.125 

0.018 

June  19,  23,  26,  30 . 

384 

0.114 

0.010 

July  3,  7,  10,  14 . 

527 

0.036 

0 . 002 

July  17,  24,  31 . 

428 

0.028 

0.005 

August  7,  14 . 

178 

0.039 

0.011 

August  21,  28 . 

120 

0.008 

0.000 

September  4,  1 1 . 

84 

0.012 

0.000 

September  18,  25 . 

38 

0.079 

0.000 

October  2,  9,  16 . 

10 

0.000 

0.000 

Total  and  means . 

2,364 

0.054 

0.026 

1  Miscellaneous  catches  included:  three  yellow  bass,  Morone  interrupta,  and  one  drum,  Aplodinotus 
yrunniens. 
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inches  and  another  aronnd  nine 
inches.  Considering  the  total  catch, 
each  size  group  was  represented  by 
approximately  equal  numbers.  Dur¬ 
ing  the  spring  the  majority  were  in 
the  six-inch  group,  while  in  the  fall 
the  larger  size  was  best  represented. 
With  the  exception  of  some  10  to  20 
fishes  of  other  species,  the  entire 
catch  consisted  of  white  crappie. 

During  the  1954  season,  plug  fish¬ 
ing  in  Crab  Orchard  Lake  was  poor 
(Table  2).  On  an  average  it  re¬ 
quired  about  19  hours  to  catch  a 
largemouth  bass.  The  majority  of 
the  largemouth  taken  weighed  three 
pounds  or  more.  Both  casting  and 
trolling  methods  were  used,  although 
most  fishermen  favored  trolling  with 
deep-running  plugs.  Bass  catch  per 
hour  reached  its  peak  during  the 
months  of  May  and  June  with  an 
average  catch  of  about  one  fish  every 
nine  and  one-half  hours. 

Pole  fishing  from  boats  was  rather 
limited.  Those  fishing  by  this  meth¬ 
od  used  worms  and  cockroaches. 
There  was  recorded  a  total  of  143 


man-hours  of  fishing  with  worms,  the 
total  catch  from  which  included  0.1 
carp  per  hr.,  0.08  bluegills  per  hr., 
and  0.01  bullheads  per  hr.  Sixty- 
one  hours  of  fishing  with  cockroaches 
were  reported.  The  catch  was  212 
bluegills  or  3.5  bluegills  per  hour. 

There  was  not  enough  fly  fishing 
and  spinning  encountered  to  war¬ 
rant  any  conclusions  as  to  the  ef¬ 
fectiveness  of  these  methods.  A  to¬ 
tal  of  26  man-hours  of  fly  fishing 
produced  a  catch  of  6  largemouth 
bass  and  one  carp.  Sixty-four  man¬ 
hours  of  spinning  yielded  a  catch 
of  nine  bass  and  five  crappies. 

Literature  Cited 

Whitacke,  Maurice  A.  1952.  The  fishes 
of  Crab  Orchard  Lake,  Illinois.  Mas¬ 
ter’s  Thesis,  Southern  Ill.  Univ.,  Car- 
bondale,  60  pp. 

Stall,  J.  B.,  J.  B.  Freitrenbacher.  L.  J. 
Bartelli,  G.  O.  Walker,  E.  L.  Sauer, 
and  S.  W.  Melsted.  1954.  Water  and 
land  resources  of  the  Crab  Orchard 
Lake  Basin.  Ill.  State  Water  Surv. 
Div.  Bull.,  42:53  pp. 

Carlander,  Kenneth  D.  1950.  Hand¬ 
book  of  freshwater  fishery  biology. 
Dubuque,  Iowa,  Win.  C.  Brown  Co., 

281  pp. 


Illinois  Academy  of  Science  Transactions,  Vol.  48,  1956 


RECENT  COLLECTIONS  OF  SOME  LESS  COMMON 
FISHES  IN  SOUTHERN  ILLINOIS 

GERALD  E.  GUNNING  AND  WILLIAM  M.  LEWIS 
Southern  Illinois  University ,  Carbondale 


Introduction 

The  fishes  discussed  in  this  paper 
occurred  in  collections  made  within 
the  past  5  years  in  38  localities  in 
the  16  southernmost  counties  of  Illi¬ 
nois.  The  localities  that  yielded 
fishes  of  interest  here  are  shown  in 
Figure  1 ;  these  localities  include 
streams,  lakes,  springs,  strip-mine 
ponds,  and  swamps.  A  wide  range 
of  habitats  is  thus  represented.  The 
scope  of  this  paper  is  limited  to  the 
following  characteristics  of  a  given 
species  :  geographical  range ;  numeri¬ 
cal  abundance  in  southern  Illinois ; 
and  distribution  within  Illinois  as 
a  whole. 

Collecting  devices  included  an 
electro-fishing  apparatus,  a  14- inch- 
knot  seine,  a  common  sense  minnow 
seine,  wire  basket  traps,  and  hand 
dipnets.  In  addition  one  sample 
was  taken  by  poisoning  with  emulsi¬ 
fied  rotenone. 

The  authors  wish  to  express  their 
appreciation  to  Darrell  Louder, 
Charles  Peters,  and  Ronald  Newton 
for  assistance  in  the  field  and  labora¬ 
tory.  This  study  was  aided  by 
grants  from  the  Graduate  School  of 
Southern  Illinois  University  and 
from  the  Division  of  Fisheries,  Illi¬ 
nois  Department  of  Conservation. 

Discussion  of  Individual  Species 

Spring  cave-fish,  Chologaster  pa- 
pilliferus  Forbes. — The  spring  cave- 
fish  was  collected  from  the  Pine  Hills 


Swamp  and  along  the  adjacent 
bluffs.  In  southern  Illinois  as  a 
whole  the  species  is  rare,  but  in  the 
Pine  Hills  area  it  is  relatively  abun¬ 
dant.  It  is  difficult  to  collect  the 
spring  cave-fish  during  the  day 
since  the  majority  of  the  population 
retires  to  subterranean  waters  at 
this  time.  However,  the  species  is 
active  in  the  springs  at  night,  at 
which  time  it  is  easily  collected. 

Brown  bullhead,  Ameiurus  nebu- 
losus  marmoratus  (Holbrook).  — 
The  speckled  variety  of  the  brown 
bullhead  ranges  from  southern  Illi¬ 
nois  and  eastern  Arkansas  to  the 
Carolinas  and  Florida  (Hubbs  and 
Lagler,  1949:  72).  In  the  present 
study  the  brown  bullhead  was  found 
in  only  two  localities,  Wolf  Lake 
and  Pine  Hills  Swamp. 

Brook  silverside,  Labidesthes  sic- 
culus  sicculus  (Cope). — The  brook 
silverside  ranges  from  Minnesota 
eastward  through  southern  Ontario 
and  southward  to  the  Gulf  of  Mexi¬ 
co  (Eddy  and  Surber,  1947:  245). 
The  species  was  collected  from  Wolf 
Lake,  Clear  Creek,  Fulton  Creek, 
and  Horseshoe  Lake  during  our 
study.  All  of  these  collections  con¬ 
stitute  new  records  which  are  felt 
to  be  significant  in  that  Forbes  and 
Richardson  (1920)  and  O’Donnell 
(1935)  did  not  collect  the  species 
in  this  area. 

Lake  chubsucker,  Erimyzon  sucet- 
ta  kennerlii  (Girard). — The  lake 
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chubsucker  is  absent  from  all  of  the 
larger  natural  and  artificial  lakes 
of  southern  Illinois.  The  species 
lias  been  collected  from  only  one  lo¬ 
cality,  a  strip-mine  pond  on  the 
Pyatt  area  south  of  Pinckneyville. 

Rock  bass,  Ambloplites  rupestris 
rupestris  (Rafinesque). — The  rock 
bass  is  rare  in  southern  Illinois  but 
rather  abundant  in  northern  Illinois. 
An  established  population  of  rock 
bass  is  present  in  Big  Creek  near 
Rosiclare. 

Round  sunfish  (flier),  Centrar- 
chus  1  macropterus  Lacepede. — The 
round  sunfish  ranges  from  Virginia 
south  to  Florida,  west  to  Louisiana 
and  east  Texas,  and  north  in  the 
Mississippi  Valley  to  southern  Illi¬ 
nois  (Knapp,  1953:  116).  Barnickol 
and  Starrett  (1951)  reported  the 
round  sunfish  for  the  Mississippi 
River.  Our  collections  came  from 
Pine  Hills  Swamp  and  Brownville 
Creek  near  Thebes.  The  species  was 


formerly  abundant  in  Horseshoe 
«/ 

Lake  (Thompson  and  Bennett,  1938) 
but  has  since  disappeared  (Gunning, 
1953). 

Sm allmouth  bass,  Micropterus 
dolomieu  dolomieu  Lacepede. — The 
smallmouth  bass  is  common  in  north¬ 
ern  Illinois  but  rare  in  southern  Illi¬ 
nois.  Big  Creek  near  Rosiclare  is 
the  only  locality  in  southern  Illinois 
known  to  have  smallmouth  bass. 

Small  sunfish,  Lepomis  symmetri- 
cus  (Forbes). — In  Illinois  the  small 
sunfish  is  found  chiefly  in  the  south¬ 
ern  portion  of  the  state,  especially 
in  the  Wabash  Valley  (Richardson, 
1904).  We  collected  this  species 
from  AVolf  Lake  and  Pine  Hills 
Swamp. 

Pigmy  sunfish,  Elassoma  zonatum 
Jordan — The  occurrence  of  the  pig¬ 
my  sunfish  in  southern  Illinois  was 
noted  by  Jordan  and  Evermann 
(1896:  982).  Jordan  and  Ever¬ 
mann  (1896:  981)  listed  the  pigmy 


Less  Common  Fishes ,  Southern  Illinois 


o 


o 


sunfish  under  the  family  Elasso- 
midae;  Berg*  (1947  :  309)  placed  the 
pigmy  sunfish  in  the  family  Cen- 
trarchidae.  Our  collections  of  the 
pigmy  sunfish  came  from  Pine  Hills 
Swamp  and  one  of  its  spring-fed 
tributaries. 

Silver  jaw  minnow,  Ericymba  buc- 
cata  Cope. — This  species  was  found 
to  be  one  of  our  rarer  minnows  in 
southern  Illinois.  It  is  known  at 
present  only  from  Big  Kinkaid 
Creek  near  Ava. 

Suckermouth  minnow,  Phenacobi- 
us  mirabilis  (Girard). — The  sucker- 
mouth  minnow  was  collected  in  Big 
Muddy  River  and  one  of  its  major 
tributaries,  Big  Kinkaid  Creek. 

Burbot,  Lota  lota  maculosa  (Le- 
Sueur).  —  The  burbot  is  rare  in 
southern  Illinois  and  is  represented 
in  the  present  study  by  a  single  spec¬ 
imen  from  Big  Muddy  River  which 
constitutes  a  new  record  for  that 
locality. 

Sauger,  Stizostedion  canadense 
canadense  (Smith). — The  sauger  has 
been  reported  previously  from  the 
Mississippi,  Illinois,  Rock,  Wabash, 
Kaskaskia,  and  Ohio  rivers  (O’Don¬ 
nell,  1935:  490).  Two  saugers  were 
collected  by  us  from  Big  Muddy 
River. 

Walleye,  Stizostedion  vitreum  vi- 
treum  (Mitchill). — Our  collection  of 
yellow  pikeperch  in  Big  Muddy 
River  is  a  new  record  for  this  lo- 
calitv. 

Bluntnose  darter,  B ole o soma 
editor osomum  (Hay).  —  The  blunt¬ 
nose  darter  was  collected  in  two  lo¬ 
calities  in  southern  Illinois,  Big 
Muddy  River  and  one  of  its  tribu¬ 
taries,  Worthen  Bayou.  O’Donnell 
(1935)  reported  the  bluntnose  dart¬ 
er  as  being  very  abundant  in  the 


southern  part  of  the  state,  but  recent 
collections  do  not  indicate  such 
abundance. 

Spot-tailed  darter,  Etheostoma 
squamiceps  (Jordan).  —  The  spot 
tailed  darter  is  a  southern  species 
which  ranges  into  southern  Illinois. 
In  the  present  study  the  spot-tailed 
darter  was  taken  from  Roaring 
Springs  Creek  near  Anna  and  from 
the  Big  Creek  drainage. 

Stripe-tailed  darter,  Etheostoma 
kennicotti  (Putnam). — The  stripe- 
tailed  darter,  a  southern  species,  was 
collected  only  from  the  Big  Creek 
drainage.  Identifications  of  the  spot- 
tailed  and  stripe-tailed  darters  were 
made  by  Dr.  Reeve  M.  Bailey,  Mu¬ 
seum  of  Zoology,  University  of 
Michigan. 

Swamp  darter,  Etheostoma  gracile 
(Girard). — The  swamp  darter  was 
collected  from  Pine  Hills  Swamp, 
Sugar  Creek,  and  Worthen  Bayou. 
It  is  not  abundant  in  any  of  these 
localities.  The  species  was  treated 
by  Forbes  and  Richardson  (1920: 
315-316)  as  Boleichthys  fusiformis 
(Girard)  and  as  Etheostoma  iowae 
Jordan  and  Meek  (Forbes  and  Rich¬ 
ardson,  1920:  306-307).  This  com¬ 
plex  was  worked  out  in  detail  by 
Hubbs  and  Cannon  (1935). 

Discussion 

Allee  and  Schmidt  (1951:  147) 
defined  “ range”  as  the  area  inhab¬ 
ited  by  a  species.  They  stated  fur¬ 
ther  that  “the  range  of  an  animal 
is  delimited  by  the  lines  connecting 
the  outermost  localities  at  which  it 
is  found.  A  species  need  not  oc¬ 
cupy  the  whole  extent  of  its  range ; 
for  the  most  part  it  will  be  found 
only  in  special  habitats  that  fulfill 
specific  conditions.”  In  this  paper 
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is  recorded  the  status  of  18  fishes 
uncommon  in  the  southern  Illinois 
area,  with  comments  as  to  their  abun¬ 
dance  within  this  area. 

Southernmost  Illinois  is  well  with¬ 
in  the  ranges  of  ten  of  the  species 
considered.  These  species  are: 
brown  bullhead,  brook  silverside, 
lake  cliubsucker,  rock  bass,  small- 
mouth  bass,  silver  jaw  minnow,  suck¬ 
er  mouth  minnow,  blunt  nose  darter, 
sauger,  and  walleye.  Nevertheless, 
none  of  these  species  are  at  all 
abundant  in  this  immediate  area. 
Among  the  remaining  eight  species, 
southern  Illinois  is  the  approximate 
northern  limit  of  the  range  of  six. 
These  southern  species  are  the  round 
sunfish,  small  sunfish,  pigmy  sunfish, 
spot-tailed  darter,  stripe-tailed  dart¬ 
er,  and  swamp  darter.  None  of  these 
species  is  abundant.  The  area  is  the 
approximate  southern  limit  of  the 
range  of  the  burbot,  a  northern  spe¬ 
cies;  the  burbot  is  very  rare. 
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LIMNOLOGY  OF  THE  MIDDLE  MISSISSIPPI  RIVER 
AND  ADJACENT  WATERS.  II.  OBSERVATIONS 
ON  THE  LIFE  HISTORIES  OF  SOME 
AQUATIC  DIPTERA 

TROY  C.  DORRIS 

Quincy  College,  Quincy 


In  the  course  of  a  study  of  the 
limnology  of  five  lakes  on  the  leveed 
floodplain  of  the  Mississippi  River 
near  Quincy,  Illinois,  observations 
were  made  on  the  life  histories  of 
a  number  of  aquatic  dipterans.  The 
lakes  occupied  depressions  formed 
by  stream  action  on  the  floodplain 
and  were  very  shallow,  ranging  in 
depth  seasonally  from  one  to  four 
feet.  The  bottoms  were  muddy,  and 
there  were  no  submerged  or  float¬ 
ing  aquatic  plants.  Morphometric 
data  are  summarized  in  Table  1. 
Further  information  on  morphome¬ 
try  and  physical  and  chemical  char¬ 
acteristics  is  included  in  a  report 
on  the  general  limnology  of  the  lakes 
(Dorris,  in  press)  which,  with  the 
present  study,  is  taken  from  a  thesis 
submitted  in  partial  fulfillment  of 
the  requirements  of  the  Doctor  of 
Philosophy  degree  in  Zoology  at  the 
University  of  Illinois  under  the  di¬ 
rection  of  Dr.  Max  R.  Matteson.  I 
am  indebted  to  Dr.  Selwyn  S.  Ro- 
back  for  his  kind  assistance  in  check¬ 
ing  the  identity  of  the  larvae. 

Data  are  available  for  the  three- 
year  period  from  August,  1949,  to 
July,  1951.  Dredge  hauls  were  made 
at  approximately  monthly  intervals 
from  stations  located  near  the  mid¬ 
dle  of  each  lake.  The  length  of  in¬ 
sect  larvae  taken  in  these  collections 
was  measured,  and  the  following 


analyses  are  based  largely  on  the 
length-frequency  data. 

Coelotanypus  concinnus  (Cocquil- 
lett). — The  larvae  of  this  species  oc¬ 
curred  occasionally  in  small  num¬ 
bers  in  all  of  the  lakes.  A  series 
obtained  from  Goose  Lake  indicates 
that  this  species  has  a  two-year  life 
cycle.  Figure  1  shows  the  length- 
frequencies  calculated  as  percent¬ 
ages  of  the  sample  number.  The  size 
range  of  the  larvae  was  3  to  11  mil¬ 
limeters.  Apparently,  larvae  under 
three  millimeters  in  length  passed 
through  the  screen  (40  meshes  per 
inch).  The  larvae  pupated  after 
reaching  a  length  of  10  to  11  mil¬ 
limeters. 

At  any  time,  the  population  of 
Coelotanypus  concinnus  consisted  of 
individuals  of  two  size  groups  (Fig. 
1).  The  larger  individuals  present 
in  August,  1949,  were  designated  as 
Class  I.  By  September,  1950,  these 
larvae  had  all  emerged.  The  smaller 
individuals  of  this  population  were 
designated  as  Class  II,  and  by  Oc¬ 
tober,  1950,  they  had  grown  to  a 
length  of  six  to  nine  millimeters. 
At  that  time,  Class  II  was  associated 
with  larvae  three  to  four  millimeters 
long  which  presumably  were  hatched 
during  the  summer  of  1950  and  were 
designated  as  Class  III.  By  October, 
1951,  all  of  Class  II  had  emerged 
and  Class  III  had  grown  to  a  length 


[27] 


28 


Illinois  Academy  of  Science  Transactions 


of  six  to  nine  millimeters.  With 
Class  III  at  that  time  was  a  group 
of  smaller  larvae,  designated  as 
Class  IV.  Class  III  attained  a  size 
of  six  to  ten  millimeters  by  July, 
1952,  and  Class  IV  was  composed  of 
individuals  four  to  five  millimeters 
long.  At  that  time,  a  number  of 
larvae  three  millimeters  long  prob¬ 
ably  constituted  a  new  class,  Class 
V.  The  growth  of  the  members  of 
a  class  or  brood  was  slow  after  the 
attainment  of  a  length  of  three  mil¬ 


limeters.  The  mode  of  a  class  usually 
did  not  move  into  the  next  size-range 
until  May  or  June  of  the  summer 
following  hatching.  In  the  second 
summer  the  larvae  grew  to  maturity 
and  pupated. 

The  presence  at  all  times  of  two 
modes  in  the  population  and  the 
progressive  movement  into  larger 
size-intervals  over  a  two-year  period 
indicate  that  this  species  has  a  two- 
year  life  cycle  in  these  lakes. 

Pelopia  (  =  T  any  pus)  sp. — The 


Fig  1. — Coelotanypus  concinnus.  Length-frequencies  expressed  as  percent  of 
sample;  age  classes  indicated  by  roman  numerals. 
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larva  of  this  species  has  not  been 
associated  with  the  adult  stage  and 
has  no  specific  name  as  yet.  It  was 
called  T  any  pus  species  B  by  Malloch 
(1915).  The  larvae  appeared  as 
serotinal  components  of  the  open- 
water  bottom-fauna  from  late  May 
until  September.  During  the  re¬ 
mainder  of  the  year  they  were  com¬ 
pletely  absent  from  the  bottom  of 
the  open  water.  Collections  made 
near  shore  during  the  winter  indicat¬ 
ed  that  the  larvae  were  in  this  area 
during  that  season,  but  they  were 
never  found  in  as  large  numbers  as 
in  the  open  lake  in  summer.  The 
graphs  (Fig.  2)  indicate  that  this 
species  may  have  a  two-year  life 
cycle  in  these  lakes.  There  was  a 
bimodal  distribution  of  the  larvae 
at  the  time  of  their  first  appearance 
in  the  open  water  in  June,  indicat¬ 
ing  the  presence  of  both  young  and 


old  larvae.  Pupal  respiratory  horns 
were  not  developed  until  late  sum¬ 
mer,  indicating  pupation  and  emer¬ 
gence  at  that  time.  The  rather  large 
number  of  small  larvae  still  in  the 
population  at  the  end  of  the  summer 
appeared  to  carry  over  until  the  next 
summer. 

Proclaclius  spp.  —  Lindeman 
(1942)  quoted  from  the  manuscript 
of  Wood  (1938)  and  constructed  a 
graph  from  Wood’s  data  which 
showed  a  reduction  in  the  popula¬ 
tion  of  Procladius  larvae  in  April 
and  again  in  late  July  at  Lake  Min¬ 
netonka,  Minnesota.  These  data 
were  interpreted  as  indicating  the 
presence  of  two  broods  of  Procladius 
in  Lake  Minnetonka.  Moffett  (1943) 
reported  two  generations  of  Pro¬ 
cladius  each  year  in  •  the  littoral  of 
Douglas  Lake,  Michigan.  Malloch 
(1915)  found  adults  of  Procladius 
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Fig.  3. — Seasonal  abundance  of  ProclacLius  spp.  Solid  line  —  Big  Lake; 
broken  line  =  Sand  Lake;  dotted  line  —  Hagerbamer  Lake. 


culiciformis  from  April  to  October 
in  Illinois. 

In  the  lakes  of  the  present  study, 
the  numbers  of  Procladius  larvae 
frequently  reached  a  peak  in  March 
or  April  and  declined  to  a  low  point 
in  early  summer  (Fig.  3).  Emer¬ 
gence  of  adults  may  have  begun  in 
March,  since  advanced  larvae  with 
well  -  developed  pupal  eyes  were 
found  as  early  as  March  6.  All  of 
the  larvae  present  at  the  low  point 
in  early  summer  were  small. 

A  second  peak  in  numbers  of 
Procladius  larvae  occurred  in  the 
summer,  and  the  emergence  of  adults 
of  this  population  resulted  in  a  de¬ 
crease  in  October.  The  larvae  which 
hatched  from  eggs  laid  by  adults 
of  this  second  population  apparent¬ 
ly  did  not  develop  rapidly.  There 
was  often  a  continuous  increase  in 
numbers  throughout  the  winter,  per¬ 


haps  because  the  larvae  were  attain¬ 
ing  sufficient  size  to  be  retained  by 
the  collect  mg  screen. 

The  large  number  of  small  larvae 
present  in  the  March  collection  from 
Big  Lake  (Fig.  2)  may  have  been 
larvae  newly  hatched  from  eggs  laid 
the  preceding  summer  or  they  may 
have  hatched  before  the  winter  be¬ 
gan  and  did  not  grow  large  enough 
to  be  collected  until  March. 

These  data  indicate  the  presence 
of  two  broods  or  two  populations 
of  Procladius.  Larvae  of  the  species 
of  this  genus  cannot  be  separated 
satisfactorily  (Joliannsen,  1937). 
Procladius  culiciformis  (L.)  and 
Procladius  nr.  adumbratus  Johann- 
sen  have  been  provisionally  identi¬ 
fied  from  a  few  pupae  collected  from 
these  lakes.  Procladius  culiciformis 
was  probably  the  more  common  of 
the  two  species.  Pupae  of  Procladius 
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Fig.  4. — Seasonal  distribution  of  Cha'oborus  punctipennis.  Solid  line  —  Goose  Lake; 
broken  line  —  Big  Lake;  dotted  line  —  Hagerbamer  Lake. 


nr.  adumbratus  were  found  in  the 
late  summer  and  early  fall,  and  this 
species  may  have  made  up  part  or 
all  of  the  second  population.  The 
interrelations  of  the  species  of  Pro- 
cladius  will  require  further  study. 

Chaobonis  (  =  Corethra)  punc¬ 
tipennis  Say. — Larvae  of  this  spe¬ 
cies  formed  an  important  part  of 
the  bottom  fauna  in  the  lakes  of  this 
study  (Fig.  4).  They  exhibited  pro¬ 
nounced  seasonal  fluctuations  in 
abundance.  A  midwinter  decline 
in  numbers  frequently  was  followed 
by  a  sharp  increase  in  the  early 
spring  population  in  February, 
March,  or  April.  Such  increases 
were  observed  as  follows :  at  Big 
Lake  in  April,  1950,  and  in  April, 
1952 ;  at  Mud  Lake  in  February, 
1951 ;  at  Hagerbamer  Lake  in  March, 
1950,  and  in  April,  1952;  and  at 
Goose  Lake  late  in  January,  1950, 
and  in  February,  1951.  A  midwin¬ 
ter  decline  followed  by  an  increase 


in  the  spring  has  been  reported  by 
a  number  of  other  investigators. 
Moore  (1950)  found  that  the  de¬ 
crease  occurred  in  January  and  the 
increase  in  March  in  Lake  Provi¬ 
dence,  Louisiana,  and  suggested  that 
a  sampling  error  might  account  for 
the  decrease.  He  discounted  this 
possibility,  however,  since  it  did  not 
apply  to  other  organisms.  Deevey 
(1941)  reported  a  very  irregular 
winter  population  of  Chaoborus  in 
Linsley  Pond,  Connecticut.  The 
mean  population  increased  from  a 
low  point  in  early  September  to  a 
high  point  in  late  October.  Then 
there  was  a  sharp  decrease  early  in 
December,  and  an  increase  to  a  sec¬ 
ond  winter  peak  in  January.  An¬ 
other  sharp  decrease  in  February 
was  followed  by  a  new  high  point 
in  April.  Deevey  explained  these 
variations  as  being  caused  by  migra¬ 
tion  into  deeper  water.  Migration 
may  have  accounted  for  the  low 
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Table  1. — Summary  of  Morphometric  Data  from  Lakes  on  the  Leveed  Floodplain 

of  the  Mississippi  River  near  Quincy,  Illinois. 


Big  Lake 

Goose  Lake 

Hagerbamer 

Lake 

Mud  Lake 

Sand  Lake 

Location . 

T1S,  R9W 
S22,  26,  27 

TlS,  R9W 
S10 

T2S,  R9W 
S22 

T2S,  R9W 
S35,  36 

T2S,  ROW 
S35 

Main  axis . 

NNW-SSE 

NNW-SSE 

WNW-ESE 

NW-SE 

NW-SE 

Area  (acres) . 

56 

63 

24 

39 

42 

Maximum  length 
(feet) . 

6770 

5030 

1770 

4660 

4400 

Maximum  width 
(feet) . 

950 

1120 

740 

540 

580 

Length  of  shore¬ 
line  (feet) . 

17,400 

12,620 

5360 

11,640 

11,840 

Depth  (inches) .... 

14-48 

24-78 

11-36 

12-65 

16-60 

point  in  December,  but  even  the 
deeper  parts  of  Linsley  Pond  showed 
a  decrease  in  February.  Juday 
(1921)  found  a  low  point  in  the 
Chaoborus  population  in  Lake  Men- 
dota,  Wisconsin,  in  February,  fol¬ 
lowed  by  an  increase  at  the  end  of 
March.  Berg  (1937)  found  a  low 
point  in  March  in  Esrom  Lake,  Den¬ 
mark,  followed  by  a  high  point  in 
April. 

Midwinter  or  late  winter  declines 
in  the  numbers  of  Chaoborus  larvae 
may  be  accounted  for  by  mortality 
of  the  larvae.  The  phenomenon  is 
of  too  wide  occurrence  to  be  caused 
by  a  sampling  error.  The  increase 
in  numbers  which  follows  shortly 
afterwards  is  remarkable,  since  it 
may  occur  even  under  the  ice,  as 
in  Lake  Mendota  and  Linsley  Pond. 
Deevey’s  hypothesis  of  migration 
does  not  account  for  this  increase, 
since  the  same  thing  appears  to  hap¬ 
pen  in  all  of  Linsley  Pond.  The 
increase  might  be  only  in  the  num¬ 


bers  of  younger  larvae,  which  would 
involve  a  new  hatch  from  eggs. 
Deevey  (1941)  gave  length-frequen¬ 
cies  for  Chaoborus,  but  there  were 
no  small  larvae  in  his  collections  in 
the  midwinter  or  early  spring. 
Lindeman  (1942)  found  young  lar¬ 
vae  in  April  and  suggested  an  early 
spring  emergence  of  adults  to  ac¬ 
count  for  their  presence.  However 
he  could  not  find  adults  at  that  time 
of  the  year,  and  there  were  no  pupae 
in  the  bottom  population.  As  an 
alternative  hypothesis,  he  suggested 
that  these  young  larvae  may  have 
been  hatched  late  and  from  eggs  de¬ 
posited  during  the  preceding  sum¬ 
mer.  Collections  from  the  present 
study  were  examined  for  evidences 
of  late  hatching.  At  Hagerbamer 
Lake,  April  20,  1952,  4.8%  of  the 
larvae  were  about  4  millimeters 
long,  while  all  of  the  rest  were  6  or 
7  millimeters  long.  These  small  lar¬ 
vae  were  not  newly  hatched,  how¬ 
ever,  since  on  March  14  small  larvae 
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were  present  (2.2%),  and  also  on 
November  24,  1951  (7%).  These 
small  larvae  probably  hatched  late 
in  the  preceding  summer  and  had 
not  reached  a  very  great  size  before 
winter  stopped  their  development. 
A  few  four-millimeter  larvae  were 
found  at  Mud  Lake,  February  22, 

1951,  and  at  Big  Lake,  April  11, 

1952.  Even  if  any  of  these  larvae 
had  been  newly  hatched,  their  num¬ 
bers  were  not  sufficient  to  have  ac¬ 
counted  for  the  spring  increase. 

The  hypothesis  of  late  winter 

hatching  in  this  species  is  disputed 

by  other  information.  The  latest 
*/ 

date  on  which  pupae  were  found  was 
September  26,  1949,  at  Goose 
Lake.  Collections  made  as  late  as 
September  18  on  other  occasions 
have  failed  to  produce  pupae.  Al¬ 
most  all  emergence  usually  occurred 
by  the  middle  of  September.  Water 
temperature  at  this  time  was  still 
well  above  15  °C  and  was  probably 
nearer  20°C.  Juday  (1921)  report¬ 


ed  that  eggs  from  captive  females 
hatched  within  48  hours  at  tempera¬ 
tures  of  21  to  24° C.  It  is  very  prob¬ 
able  that  all  eggs  were  laid  while 
the  water  temperature  was  still  high 
enough  to  permit  development  to 
begin  immediately ;  thus  there  is 
little  reason  to  expect  a  late  winter 
hatch.  There  is  some  evidence  that 
emergence  may  occur  before  pupae 
are  found  in  the  collections.  At  Big 
Lake,  June  23,  1950,  10%  of  the 
larvae  were  small  forms  of  the  four- 
millimeter  size.  There  is  a  possibility 
that  these  young  forms  were  hatched 
from  eggs  laid  by  adults  which  had 
their  origin  elsewhere. 

The  larvae  of  Chaoborus  puncti- 

pennis  are  occasionally  limnetic  in 

distribution,  and  it  well  mav  be  that 

the  peculiar  winter  distribution  of 

these  larvae  is  in  some  wav  connected 

« 

with  this  habit.  However,  no  Chao¬ 
borus  larvae  were  ever  found  in 
plankton  collections  made  in  the 
course  of  this  study. 
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THERMAL  STRATIFICATION  OF  THE  WATER  OF 
TWO  ARTIFICIAL  IMPOUNDMENTS  OF 
SOUTHERN  ILLINOIS 

W.  M.  GERSBACHER 
Southern  Illinois  University,  Garhonclale 


It  has  long  been  known  that  nat¬ 
ural  bodies  of  standing  water  may 
stratify  thermally.  The  effects  of 
this  phenomenon  upon  the  biologi¬ 
cal  productivity  of  lakes  have  been 
great.  Studies  on  artificial  impound¬ 
ments  have  shown  that  thermal 
stratification  also  may  occur  in  these 
waters  if  certain  physical  conditions 
are  present.  More  information  on 
thermal  stratification  in  artificial  im¬ 
poundments,  particularly  small  res¬ 
ervoirs  and  ponds,  is  needed.  Some 
studies  on  southern  Illinois  waters 
have  been  made.  The  present  paper 
adds  to  these  observations. 


Elder  (1951)  reported  on  Little 
Grassy  Lake  and  Lake  Murphysboro. 
He  stated  that  thermal  stratification 
occurred  in  these  lakes  in  July.  The 
thermocline  began  at  a  depth  of 
about  12  feet  in  both  lakes.  The 
range  in  temperature  in  Little  Gras¬ 
sy  Lake  was  from  25 °C.  at  the  sur¬ 
face  to  12 °C.  at  a  depth  of  30  feet. 
At  Lake  Murphysboro  the  range 
was  from  26 °C.  at  the  surface  to 
9°C.  at  the  bottom,  with  a  drop  of 
6°C.  between  12  and  15  feet.  West 
(1950)  presented  data  indicating 
that  a  thermocline  was  forming  in 
Thompson  Lake  in  May. 


TEMPERATURE  C° 
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Fig.  1. — Vertical  distribution  of  temperatures  in  Little  Grassy  Lake,  June,  1952. 
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Lewis  and  Peters  (1954)  have 
demonstrated  that,  well-developed 
thermal  stratification  of  water  oc¬ 
curs  in  various  strip  mine  impound¬ 
ments  near  Pyatt  and  Elkville 
(Perry  County)  in  southern  Illinois. 

The  present  report  is  on  Little 
Grassy  Lake  and  Thompson  Lake 
and  is  a  result  of  class  studies  made 
in  June,  1952. 

Little  Grassy  Lake  is  an  artificial 
impoundment  located  approximately 
ten  miles  southeast  of  Carbondale, 
Williamson  County,  Illinois.  The 
lake  was  constructed  as  a  flood  con¬ 
trol  basin  to  Crab  Orchard  Lake. 
Its  recreational  use  is  primarily  that 
of  bass  fishing’.  However,  a  limited 
amount  of  other  fishing  is  evident. 
The  lake  is  well-protected  from  wind 
action,  and  its  depth  and  precipi¬ 
tous  drop-offs  on  the  sides  prevent 
the  growth  of  aquatic  vegetation. 

The  lake  was  completed  in  1946 
and  has  a  surface  area  of  about 
1,000  acres.  Its  maximum  depth  at 


spillway  level  is  approximately  60 
feet,  with  an  average  depth  of  25 
feet. 

On  June  28,  the  range  in  tempera¬ 
ture  was  from  32° C.  at  the  surface 
to  13°C.  at  a  depth  of  50  feet.  A 
very  definite  drop  in  temperature 
began  at  a  depth  of  8  feet  and  con¬ 
tinued  to  a  depth  of  18  feet,  after 
which  the  temperature  remained 
constant  at  all  other  depths  sampled 
(Fig.  1).  The  epilimnion  extended 
from  the  surface  to  a  depth  of  ap¬ 
proximately  eight  feet.  The  water 
below  18  feet  is  in  the  hypolimnion. 

Dissolved  oxygen  content  was  5.3 
parts  per  million  near  the  surface, 
5.0  at  10  feet,  2.7  at  30  feet,  and 
1.3  at  47  feet. 

Thompson  Lake  is  located  in  Jack- 
son  County,  Illinois,  in  Township 
9  S  Range  1  W,  Section  28.  It  was 
created  by  damming  a  small  stream 
about  60  years  ago.  The  remains 
of  the  old  stream  can  still  be  seen 
in  the  ravine  below  the  dam.  Today 
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Fig.  2. — Vertical  distribution  of  temperatures  in  Thompson’s 

Lake,  June,  1952. 
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the  lake’s  principal  water  supply 
is  from  the  surface  runoff  of  its 
watershed. 

The  lake’s  surface  is  approximate¬ 
ly  40  acres  and  its  maximum  present 
depth  is  19  feet.  At  the  time  of  the 
original  impoundment  the  maximum 
depth  was  approximately  30  feet. 
The  shoreline  of  the  lake  is  irregular 
with  a  number  of  fingers  running 
in  various  directions.  The  water¬ 
shed  is  well-covered  with  all  types 
of  vegetation.  There  is  much  or¬ 
ganic  matter  on  the  bottom. 


On  June  24,  1952,  our  studies  on 
Thompson  Lake  showed  a  variation 
ranging  from  32 °C.  at  the  surface 
to  19 °C.  at  9  feet  in  depth.  There 
was  a  well-defined  break  in  the  tem¬ 
perature  beginning  at  a  depth  of 
six  feet  (Fig.  2).  The  epilimnion 
extended  from  the  surface  to  ap¬ 
proximately  six  feet  in  depth.  The 
thermocline  was  approximately  three 
feet  in  thickness  (6-9  feet). 

Dissolved  oxygen  content  at  the 
surface  was  8.3  p.p.m.  No  dissolved 
oxygen  ivas  found  below  six  feet 
in  depth. 
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DEMONSTRATING  MINERAL-NUTRIENT 
DEFICIENCIES  WITH  REGNELLIDIUM  DIPHYLLUM 

PAUL  D.  VOTH 

University  of  Chicago,  Chicago 


Introduction 

The  Brazilian  waterfern,  Regnel¬ 
lidium  diphyllum  Lindm.,  resembles 
the  more  familiar  species  of  Marsilia. 
However,  the  large  paired  leaflets, 
the  vigorous  rhizome  which  yields 
latex,  and  the  rotund  sporocarp 
which  approximates  in  size  a  single 
pea  seed  are  striking  features  of  a 
plant  which  has  been  propagated 
successfully  in  greenhouses  in  the 
United  States.  The  ease  with  which 
Regnellidium  is  grown  under  several 
different  cultural  conditions  indi¬ 
cates  its  versatility  in  controlled  ex¬ 
periments  or  in  classroom  demon¬ 
strations. 

Bloom  (1954)  placed  quartz  sand 
in  a  2-gallon  glazed  crock  and  added 
solution  to  a  depth  of  5.5  inches. 
The  kind  of  solution  used  was  de¬ 
termined  by  the  familiar  experi¬ 
mental  design  of  the  nutrient  tri¬ 
angle  (Voth  and  Hamner,  1940). 
The  osmotic  concentration  of  each 
solution  approximated  0.5  atmos¬ 
phere.  One  transplant  was  placed 
in  each  container.  Equally  success¬ 
ful  was  soil  with  a  similar  depth  of 
supernatant.  Under  certain  cultural 
conditions  the  rhizome  of  a  well- 
established  plant  of  Regnellidium 
grew  forward  at  a  rate  of  two  inches 


per  day.  Responses  of  this  plant  to 
excesses,  deficiencies,  and  imbalances 
of  the  common  nutrient  anions  and 
cations  were  striking  and  measur¬ 
able.  Plants  placed  in  solutions  rela¬ 
tively  high  in  magnesium  salts  pos¬ 
sessed  wilted  leaflets  within  an  hour. 
Responses  to  other  nutrient  varia¬ 
tions  often  were  not  as  readily  ob¬ 
servable  and  required  careful  meas¬ 
urements  of  dimension  and  of  weight 
to  demonstrate  differences. 

In  the  autumn  of  1954  it  became 
desirable  to  demonstrate  the  effects 
of  some  nutrient  deficiencies  in 
plants  to  a  biology  class  at  a  level 
comparable  to  the  junior  year  in  col¬ 
lege.  In  Chicago,  growing  condi¬ 
tions  became  progressively  less  fa¬ 
vorable  in  October  and  November, 
even  in  the  greenhouse.  In  former 
years  tomato  or  other  plants  grow¬ 
ing  in  quartz  sand  had  been  avail¬ 
able  as  surplus  from  investigative 
work.  Lacking  the  usual  plants,  it 
was  necessary  to  rely  on  expedience 
and  innovation.  Regnellidium  of¬ 
fered  the  best  possibility. 

The  work  reported  here  was  sup¬ 
ported  in  part  by  a  grant  from  the 
Dr.  Wallace  C.  and  Clara  A.  Abbott 
Memorial  Fund  of  the  University  of 
Chicago. 
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Observations 

Early  in  October  a  Mason  fruit 
jar  of  two-quart  capacity  was  filled 
with  the  desired  nutrient  solution 
to  within  an  inch  of  the  neck.  No 
solid  substrate  was  provided.  In¬ 
stead,  a  transplant  consisting  of  a 
rliizome-node  with  a  well-developed 
leaf,  an  unopened  but  healthy  axil¬ 
lary  bud,  and  the  internode  frag¬ 
ments  was  weighted  with  a  tightly 
bent  U-shaped  length  of  four-milli¬ 
meter  glass  rod  hung  around  the 
petiole  and  over  the  creeping  stem. 
The  entire  assembly  was  lowered 
into  the  liquid  (Fig.  1).  When  the 
petiole  was  too  short  to  permit  flota- 


Pig.  1. — Transplant  of  Regnellidium 
diphyllum  with  several  leaves  on  lateral 
rhizome.  Tap  water.  Age  of  transplant 
is  nearly  two  weeks.  To  left  of  jar  is 
newly-cut  transplant.  Marks  on  middle 
of  jar  indicate  vertical  inch. 


tion  of  leaflets,  liquid  was  drained 
off  until  the  level  was  suitable. 
Greatly  elongated  petioles  may  bring 
the  leaflets  some  distance  above  the 
jar,  but  Bloom  (1954)  found  that 
extended  leaves  remained  functional 
except  in  a  few  treatments.  His 
trials  were  made  in  April  and  May. 
No  observations  have  been  made 
upon  extended  petioles  placed  in 
shallow  solutions  late  in  the  year. 

Treatments  were  prepared  in  du¬ 
plicate,  and  the  fruit  jars  contain¬ 
ing  the  plants  were  placed  on  inside 
window  ledges  of  a  large  laboratory. 
Exposure  was  to  the  south  but  shad¬ 
ows  from  a  building  lessened  direct 
sunlight  in  the  morning  hours.  Solar 
radiation  was  weak  and  passage 
through  the  thick  window  panes  de¬ 
creased  the  intensity  still  more.  At 
no  time  did  the  plants  appear  to  be 
overheated  in  the  jars. 

The  most  successfnl  nutrient  solu¬ 
tions  in  the  demonstration  were  the 
complete  one  and  those  lacking  cal¬ 
cium,  nitrates,  or  phosphates.  In 
the  following  formulations,  which 
are  based  on  Hoagland’s  solution  1, 
not  only  the  solutions  used  in  the 
demonstration  are  given,  but  also 
others  which  may  be  added  to  a 
classroom  experiment  (Hoagland 
and  Arnon,  1950).  For  the  present 
purpose  no  micronutrients  except 
iron  need  be  added.  Chelated  iron 
is  the  most  effective  form  of  this 
mineral  nutrient  (Weinstein,  Rob¬ 
bins  and  Perkins,  1954).  In  each 
instance  add  distilled  water  to  make 
one  liter  of  solution. 

Complete  Solution 

KH.,P04  .  136.0  mg. 

KNO,  .  505.5  mg. 

MgSO(*7H./)  (Epsom  salt)..,  493.0  mg. 

Ca(N0;!)A4H20  . 1180.8  mg. 

Chelated  iron  .  1.0  mg. 
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Solution  Lacking  Potassium 
Ca(H2P04)2«H20  .  116.0  mg. 

MgS04,  Ca(NO;f)2,  and  chelated  iron  as 
in  the  complete  solution. 

Solution  Lacking  Nitrogen 

MgS04»7H.,0  .  493.0  mg. 

K2S04  .  435.6  mg. 

Ca  (H,P04).,»H20  .  116.0  mg. 

CaS04»2H20  .  344.0  mg. 

Chelated  iron  .  1.0  mg. 

Solution  Lacking  Phosphorus 

KNO,  .  . .  606.6  mg. 

MgS04*7H20  493.0  mg. 

Ca(N03)2«4H20  .  944.6  mg. 

Chelated  iron .  1.0  mg. 

Solution  Lacking  Magnesium 

KH2P04  .  136.0  mg. 

KN03  .  606.6  mg. 

Ca (N03)2*4H20  .  944.6  mg. 

K2S04  .  261.4  mg. 

Chelated  iron  .  1.0  mg. 

Solution  Lacking  Calcium 

Omit  only  Ca(NOa)2  from  the  complete 
solution. 

Solution  Lacking  Sulphur 
Mg  (N03)2»6H20  256.4  mg. 

KH2P04)  KNO,  Ca  (N03)2  and  chelated 
iron  as  in  the  solution  lacking  mag¬ 
nesium. 

Solution  Lacking  Iron 

Complete  solution  without  the  chelated 
iron. 

In  the  spring  of  the  year  Bloom 
found  that  differences  in  growth 
rates  became  evident  within  a  feAV 
days.  Striking  differences  in  the 
transplant  leaf  and  in  the  develop¬ 
ment  and  linear  growth  of  the  axil¬ 
lary  buds  were  measurable  within 
a  week.  However,  when  Regnellidi- 
um  was  grown  in  the  laboratory  in 
glass  jars  under  autumn  conditions, 
more  than  a  week  passed  before  the 
earliest  symptoms  were  apparent. 
The  desired  condition  of  the  plants 
was  attained  after  five  weeks  under 
the  described  conditions. 

The  leaflets  on  the  original  por¬ 
tion  of  the  plant  remained  green  in 
these  solutions :  complete,  lacking 


calcium,  and  lacking  phosphates. 
Yellowing  was  apparent  in  original 
leaflets  found  growing  in  solutions 
deficient  in  nitrates. 

The  axillary  bud  developed  the 
largest  and  longest  rhizome,  the 
greatest  number  of  leaves,  and  most 
vigorous  secondary  rhizomes  when 
placed  in  the  complete  solution. 
Other  solutions  supported  plants  of 
smaller  size  and  with  different 
growth  characteristics. 

Calcium  deficiency  was  apparent 
in  the  newly  formed  leaflets  which 
are  wedge-shaped,  stunted,  and  sub¬ 
merged.  The  rhizome  producing 
such  leaves  remained  very  short. 

Symptoms  of  phosphate  deficiency 
included  a  very  dark  green  trans¬ 
plant  leaf  and  a  number  of  nearly 
full-sized  leaves.  The  total  growth 
of  tissue,  however,  was  small  so  that 
fresh  and  dry  weights  were  low. 

When  nitrates  were  omitted  the 
original  leaflets  became  yellow,  and 
subsequent  leaflets  were  decreasing- 
ly  smaller  in  size  and  lost  their  green 
color  in  turn. 

Lack  of  iron  also  resulted  in  the 
production  of  new  leaflets  that  were 
yellow,  but  the  transplant  leaf  gen¬ 
erally  remained  green.  Stunting  was 
not  severe  during  the  demonstration. 
If  iron  chlorosis  develops,  chelated 
iron  may  be  added  at  the  rate  of 
0.7  p.p.m.  (Bloom,  1954;  Weinstein, 
Robbins  and  Perkins,  1954)  or  at 
1  part  per  million  (1  mg.  per  liter). 

If  responses  are  consistent  and 
growth  fairly  extensive,  a  number 
of  measurements  may  be  made  on 
lengths  of  rhizomes  and  petioles,  on 
numbers  of  fully  expanded  leaves, 
nodes,  and  secondary  branches,  and 
on  the  areas  of  the  leaflets.  Areas 
may  be  computed  easily.  Length 
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of  a  leaflet  multiplied  by  its  width, 
multiplied  by  1.6  will  closely  ap¬ 
proximate  the  upper  surface  area 
of  the  entire  blade  as  reported  by 
Bloom. 

Observation  of  qualitative  differ¬ 
ences  and  the  gathering  of  quanti¬ 
tative  data  can  be  valuable  if 
planned  as  a  class  exercise  and  cor¬ 
related  with  well-known  symptoms 
of  higher  plants  as  reported  by 
Hambidge,  et  at.  1941.  Determina¬ 
tion  of  fresh  weights  is  easily  made. 
Root  growth  as  well  as  top  growth 
may  be  estimated. 

The  greatest  deterrent  to  the  ex¬ 
tensive  use  of  Begnellidium  in  nutri¬ 
ent  demonstrations  will  be  the  prop¬ 
agation  of  plants,  if  greenhouse 
facilities  are  limited.  Bloom  used 
deep  metal  tanks  into  which  a 
wooden  platform  was  built.  Soil  was 
placed  on  the  boards  to  a  depth  of 
two  inches  and  the  tank  filled  with 


tap  water  so  that  the  soil  was  sub¬ 
merged  about  three  inches.  Trans¬ 
plants  grew  rapidly  in  this  type  of 
tank  and  survived  for  more  than  a 
year  (Fig.  2).  This  culture  which 
was  started  by  Bloom  has  been  per¬ 
petuated  with  little  attention  by 
greenhouse  personnel.  The  water 
level  has  often  dropped  several 
inches  below  the  level  of  the  soil. 
No  supplementary  heat  was  provided 
in  the  winter  of  1954-55.  There  is 
no  doubt,  however,  that  a  submerged 
heating  cable  or  a  radiant  heater 
placed  near  the  tank  would  have 
promoted  growth  in  the  winter 
months.  Experiments  with  vermicu- 
lite  may  solve  the  problem  of  prop¬ 
agation,  once  a  clone  has  been 
started. 

On  plants  with  leaves  floating  or 
emergent,  no  sporocarps  have  grown 
on  any  of  the  substrates  in  our  green¬ 
houses.  In  soil  culture  a  few  sporo- 


Fu;.  2. — Begnellidium  diphyllum  propagated  on  soil  in  metal  tank,  January  30,  1955. 
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carps  formed  when  the  water  level 
was  permitted  to  drop  gradually. 
The  factors  which  control  spore  pro¬ 
duction  are  not  known,  and  this 
aspect  of  Regnellidium  culture  will 
bear  much  more  investigation. 

Summary 

Teachers  and  students  are  en¬ 
couraged  to  utilize  a  window  ledge 
in  the  classroom  as  a  miniature  labo¬ 
ratory.  Responses  of  plants  to  min¬ 
eral  nutrients  can  be  demonstrated 


with  simple  glassware  and  easily 
compounded  laboratory  chemicals. 
Stock  plants  of  Regnellidium,  once 
procured,  should  be  propagated  by 
a  variety  of  methods  to  ascertain 
the  most  successful  ones  for  each 
locality  and  climate.  If  greenhouse 
space  is  limited  or  unavailable,  the 
perpetuation  of  the  clone  during 
summer  months  requires  additional 
resourcefulness,  but  it  may  be  pos¬ 
sible  to  use  aquaria  or  small  outdoor 
ponds  to  accomplish  this. 
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LIPASE  ACTIVITY  IN  COTTON  SEEDLINGS 

WAYNE  J.  McILRATH 
University  of  Chicago,  Chicago 


A  survey  of  the  literature  revealed 
that  only  a  limited  amount  of  in- 
formation  was  available  concerning1 
the  lipase  of  cotton  seeds  and  seed¬ 
lings  (Bamann  and  Ullmann,  1940; 
Olcott  and  Fontaine,  1941b;  Ra- 
makrishnan  and  Nevgi,  1951).  Since 
more  detailed  information  on  this 
enzyme  was  required  in  connection 
with  another  study  which  was  in 
progress,  it  became  necessary  to  de¬ 
termine  certain  characteristics  of 
this  enzyme  in  the  cotton  plant. 

Material  and  Methods 

Cotton  seeds  delinted  with  acid 
were  germinated  in  rolled  paper 
toweling  in  darkness  for  various 
periods  of  time ;  the  seed  coats  were 
then  removed  from  the  seedlings, 
and  the  seedlings  were  dried  in  a 
vacuum  desiccator  over  sulfuric  acid 
at  room  temperature.  Dehydration 
was  normally  complete  in  three  to 
four  days,  after  which  the  seedlings 
or  seedling  fractions  were  ground 
in  a  mortar.  The  meal  was  extract¬ 
ed  with  diethyl  ether  in  a  Soxhlet, 
apparatus  for  24  hours,  after  which 
it  was  reground  to  pass  a  100-mesh 
screen.  Embryos  from  ungerminat¬ 
ed  seeds  were  ground  and  extracted 
with  ether  in  a  similar  manner.  Seeds 
of  Stoneville  2B  variety  of  Gossypi- 
um  hirsutum  were  utilized  through¬ 
out  this  investigation. 

The  lipase  activities  of  the  prepa¬ 
rations  were  assayed  by  a  modifica¬ 
tion  of  the  method  of  Olcott  and 


Fontaine  (1941b).  To  weighed  sam¬ 
ples  of  the  cotton  preparations  in 
50  ml.  Erlenmeyer  flasks  were  added 
1  ml.  of  cottonseed  oil  (Wesson  oil), 
3  ml.  of  distilled  water,  and  1  ml. 
of  pH  6.8  phosphate  buffer  solution 
(0.1M).  The  flasks  were  stoppered 
and  shaken  on  a  mechanical  shaker 
for  16  hours  at  30  ±  1°C.  At  the 
end  of  this  time  15  ml.  of  isopropa- 
nol-petroleum  ether  (2:1)  mixture 
were  added  to  each  flask  and  the 
contents  titrated  with  0.1N  sodium 
hydroxide,  using  phenolphthalein  as 
the  indicator.  The  percentage  of 
Wesson  oil  hydrolyzed  was  used  as 
an  index  of  enzyme  activity.  Ap¬ 
propriate  blanks  were  run  with  all 
experiments.  Forty  milligrams  of 
desiccator-dried  preparations  of 
whole  cotton  seedlings  were  used  in 
all  instances,  unless  otherwise  indi¬ 
cated.  This  material  contained  ap¬ 
proximately  5.7%  water;  thus  these 
samples  represented  only  about  37.7 
mg.  of  oven-dried  preparation. 

In  the  assays  the  oil  was  added 
to  the  preparations  before  the  aque¬ 
ous  material,  for  it  was  observed 
that  at  pH  6.8  this  procedure  con¬ 
sistently  resulted  in  slightly  higher 
percentages  of  oil  hydrolyzed. 

Data  and  Discussion 

It  was  found  in  this  study  that 
enzyme  activity  of  preparations 
from  different  seed  lots  tended  to 
vary  considerably.  Also  it  was  noted 
that  upon  storage,  the  preparations 
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lost  some  of  their  activity.  These 
factors,  at  least  in  part,  account  for 
differences  that  may  be  observed  in 
the  maximum  activity  indicated  for 
the  various  experiments.  It  was 
observed,  however,  when  experi¬ 
ments  were  repeated  with  different 
enzyme  preparations,  that  though 
the  levels  of  activity  varied,  the 
trends  were  essentially  the  same. 
This  is  the  reason  why  in  certain 
instances  the  data  presented  repre¬ 
sent  mean  values  while  in  others  the 
data  from  a  single  representative 
experiment  are  given. 

Seedling  Growth  and  the  Effect 
of  Seedling  Age  on  Lipase  Activity. 
— As  the  seeds  germinated  and  the 
seedlings  continued  their  growth,  it 
was  observed  that  the  oil  content  and 
percentage  dry  weight  decreased, 
whereas  the  free  fatty  acid  content 
and  lipase  activity  increased  (Table 
1,  Fig.  1).  The  apparent  increase 
in  oil  content  on  the  second  day  can¬ 


not  be  explained,  although  it  was 
observed  to  occur  consistently  in 
this  investigation.  It  may  have  been 
that,  with  germination,  certain  oil 
components  became  extractable 
which  prior  to  germination  were  not. 
This  apparent  increase  in  oil  con¬ 
tent  could  not  be  accounted  for 
through  loss  in  dry  weight  of  the 
seedling. 

The  lipase  activity  of  the  seed¬ 
lings  increased  for  about  four  days 
after  which  time  there  appeared  to 
be  little  change  (Fig.  1).  This  sta¬ 
bilization  of  lipase  activity  is  also 
indicated  in  the  reduction  in  the 
rate  of  free  fatty  acid  production 
in  the  cotton  seedlings  after  the 
fourth  day  (Table  1).  It  is  not 
known  whether  or  not  the  develop¬ 
ment  of  the  large  amounts  of  free 
fatty  acids  accounted  for  the  lack  of 
any  additional  increase  in  lipase  ac¬ 
tivity. 

These  data  appear  to  be  in  agree- 


Seedling  Age,  Days 

Fig.  1. — Effect  of  age  on  lipase  activity  in  cotton  seedlings;  points  represent 

means  of  three  experiments. 
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Seed  Lipase,  Mg. 

Fig.  2. — Lipase  activity  of  ungerminated  cotton  seed. 


ment  with  those  of  Olcott  and  Fon¬ 
taine  (1941a,  1941b)  except  that 
these  workers  were  unable  to  demon¬ 
strate  lipolytic  activity  in  the  prep¬ 
arations  from  dormant  seeds.  Al¬ 
though  in  this  investigation  the 
lipase  activity  of  dormant  seeds  was 
very  low,  it  was  observed  in  six  sepa¬ 
rate  experiments.  Because  of  the 
lack  of  agreement  between  the  data 
of  the  above  workers  and  those  of 
the  present  study,  an  experiment 


was  performed  in  which  the  concen¬ 
tration  of  the  enzyme  was  varied 
(Fig.  2).  These  data  indicated  that 
t lie  reaction  velocity  was  essentially 
directly  proportional  to  the  enzyme 
concentration.  This  was  assumed  to 
be  indicative  of  enzymatic  hydrolysis 
of  the  substrate,  for  a  similar  re¬ 
action  velocity  was  observed  for  cot¬ 
ton  seedlings  (Fig.  3).  The  possi¬ 
bility  exists,  of  course,  that  acidic 
substances  were  merely  leaching  ont 


Seedling  Lipase,  M  g. 

Fig.  3. — Lipase  activity  of  10-day-old  cotton  seedlings,  assayed  at  22°  C.  for  4  hours. 
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of  the  enzyme  preparation  and  that 
with  increased  amounts  of  prepara¬ 
tion  more  teachable  acids  were  pres¬ 
ent.  This  seems  to  be  only  a  remote 
possibility,  however,  for  blanks  in 

which  the  enzyme  had  been  de- 

*/ 

stroyed  were  run  with  all  prepara¬ 
tions.  Bamann  and  Ullmann  (1940) 
using  a  different  assay  method  from 
that  indicated  here  observed  slight 
lipase  activity  in  dormant  seeds  of 
another  cotton  species,  G.  herbac- 
eum.  Ramakrishnan  and  Nevgi 
(1951)  also  working  with  G.  herbac- 
eum ,  and  utilizing  an  assay  method 
very  similar  to  that  used  by  the  au¬ 
thor,  reported  relatively  high  lipase 
activity  in  dormant  seeds. 

1 1  - 
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9 
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FiG.  4. — Lipase  activity  of  various  frac¬ 
tions  of  ten-day-old  cotton  seedlings; 
levels  represented  by  solid  lines  are 
activities  in  40-mg.  samples;  levels  rep¬ 
resented  by  dotted  lines  are  activities  in 
one  seedling,  mean  of  two  experiments. 


Lipase  Activity  of  Seedling  Frac¬ 
tions. — In  the  experiments  repre¬ 
sented  in  Figure  4,  ten-day-old  seed¬ 
lings  were  fractionated  into  cotyle¬ 
dons,  hypocotyls,  and  roots  before 
drying.  On  a  unit  dry  weight  basis, 
the  roots  were  observed  to  exhibit 
the  greatest  activity  of  the  various 
fractions  (Fig.  4).  The  activity  of 
the  cotyledons  was  only  39.2  and 
43.7%  and  that  of  the  whole  seed¬ 
lings  61.6  and  68.8%  of  that  shown 
by  the  roots  and  hypocotyls,  respec¬ 
tively. 

On  the  other  hand,  consideration 
of  the  total  lipase  activity  of  the 
various  tissues  of  an  individual  seed¬ 
ling  showed  the  greatest  amount  of 
lipase  to  be  in  the  cotyledons.  It 
was  calculated  that  only  1.2  pairs 
of  cotyledons  were  required  to  make 
the  40  mg.  assay  sample  whereas  11.1 
roots  and  4.0  hypocotyls  were  need¬ 
ed.  Therefore,  on  a  total  activity 
basis,  an  individual  root  contained 
only  25.6%  and  a  hypocotyl  64.5% 
of  the  activity  found  in  the  cotyle¬ 
dons  (Fig.  4).  Since  a  dried  ten- 
day-old  seedling  in  these  experi¬ 
ments  weighed  approximately  47.5 
mg.,  the  total  activity  of  a  single 
seedling  was  in  excess  of  the  40  mg. 
assay  sample  of  whole  seedling  prep¬ 
aration  (Fig.  4).  It  is  interesting 
to  note  that  values  for  the  hypocotyl 
remained  intermediate  between  those 
for  the  cotyledons  and  root,  whether 
activity  calculations  were  made  on 
a  per  unit  dry  weight  basis  or  on  a 
per  hypocotyl  basis. 

Effect  of  pH  on  Lipase  Activity. — 
In  this  study  the  preparations  of 
cotton  seedling  lipase  were  most  ac¬ 
tive  in  the  pH  range  6.1  to  7.0.  The 
data  indicated  in  Figure  5  were  typi¬ 
cal  of  several  experiments  in  which 
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Table  1. — Changes  Occurring  During  the  Growth  of  Cotton  Seedlings  in  the  Dark. 


Number  of  days 

Hypocotyl- 
root  length1 
mm. 

Dry 

weight2 

% 

Oil 

content2 

% 

Free  fatty 
acids  of  oil3 

% 

0.  .  . . . 

3.3 

100.0 

37.1 

0.8 

2 . . . 

10.8 

42.5 

39.3 

8.9 

4 . 

39.7 

19.8 

34.9 

33.2 

5 . 

51.7 

14.6 

27.4 

29.0 

6 . 

69.9 

11.8 

20.5 

40.9 

7 . 

82.2 

10.7 

16.3 

43.0 

9 . 

88.8 

9.6 

17.1 

50.5 

1  Mean  of  100  measurements. 

2  Based  on  seedlings  dried  in  a  vacuum  desiccator  over  sulfuric  acid. 

3  Expressed  as  oleic  acid. 


the  effect  of  pH  on  hydrolytic  ac¬ 
tivity  of  lipase  was  determined.  The 
optimal  pH  reported  here  is  in  fair 
agreement  with  that  reported  by 
Olcott  and  Fontaine  (1941b).  Ba- 
mann  and  Ullmann  (1940)  indicated 


a  slightly  higher  pH  (8.5-10.5)  as 
being  optimum  in  their  experiments 
with  G.  herbaceum  seed.  As  pointed 
out  by  Olcott  and  Fontaine,  however, 
the  optimal  pH  tends  to  shift  to  the 
alkaline  range  when  calcium  is  add- 


Fig.  5. — Effect  of  pH  on  lipase  activity  in  cotton  seedlings; 
acetate  and  phosphate  buffers  utilized. 
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Pig.  6.— Effect  of  various  temperatures  on  lipase  activity  in  cotton  seedlings; 
lipase  preparation  from  four-day-old  seedlings. 


ed  to  the  assay  mixture.  Several 
authors  (Bonner,  1950;  Ramakrish- 
nan  and  Nevgi,  1951 ;  Singer  and 
Hofstee,  1948)  have  reported  an 
optimal  pH  for  lipase  activity  in 
cotton  seed  in  the  same  range  as  that 
for  castor  bean  seeds  (pH  4. 7-5.0). 
I  feel  that  at  least  one  of  these  re¬ 
ports  (Singer  and  Hofstee,  1948) 
is  based  on  a  misinterpretation  of 
the  data  of  Bamann  and  Ullmann 
(1940) .  Since  Bamann  and  Ullmann 
pointed  out  that  the  optimal  pH  for 
castor  bean  lipase  was  4.7  when  ob¬ 
tained  from  ungerminated  ripe  seeds, 
as  opposed  to  6.8  when  prepared 
from  germinating  seeds,  it  was 
thought  perhaps  this  might  explain 
the  variance  between  the  author’s 
results  with  seedlings  and  those  of 
Ramakrishnan  and  Nevgi  (1951) 
with  ungerminated  seeds.  A  check 
of  the  effect  of  pH  on  ungerminated 
cotton  seed  lipase,  however,  failed 
to  reveal  any  significant  difference 


in  pH  optima  between  seeds  and 
seedlings. 

Preliminary  experiments  seemed 
to  indicate  that  the  decreased  lipase 
activity  at  acid  and  alkaline  pH’s 
was  the  result  of  enzyme  destruction 
rather  than  a  direct  effect  of  pH 
on  enzyme  activity. 

Optimal  Temperature  for  Lipase 
Activity. — Although  the  majority  of 
the  lipase  assays  in  this  investiga¬ 
tion  were  performed  at  30° C.,  this 
was  found  not  to  be  the  optimal 
temperature  for  its  action.  As 
shown  in  Figure  6,  the  optimum  ap¬ 
peared  to  be  nearer  to  40° C. 
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Summary 

Stoneville  2B  cotton,  Gossypium 
hirsutum,  was  germinated  and 
grown  in  the  dark;  the  lipase  ac¬ 
tivity  of  the  seedlings  at  various  ages 
was  studied.  It  was  observed  that 
as  the  seedlings  became  older  the 
free  fatty  acid  content  and  lipase 
activity  increased,  whereas  the  oil 
content  and  percentage  dry  weight 
decreased.  The  lipase  activity  in¬ 
creased  to  a  maximum  at  about  four 


days,  after  which  it  remained  rela¬ 
tively  constant.  Slight  activity  was 
observed  in  dormant  seeds.  The 
highest  lipase  activity  on  a  dry 
weight  basis  was  observed  in  the 
roots.  On  a  per  seedling  basis,  the 
greatest  total  amount  of  lipase  was 
in  the  cotyledons.  The  lipase  prep¬ 
arations  from  whole  seedlings  were 
found  to  be  most  active  in  the  pH 
range  6.1  to  7.0.  Optimal  tempera¬ 
ture  for  lipase  activity  in  cotton 
seedlings  was  approximately  40°  C. 
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The  purposes  of  this  paper  are  to 
propose  the  use  of  tree  classes  as 
an  aid  in  understanding  the  prob¬ 
lems  of  woodland  management,  to 
give  the  occurrence  of  the  classes 
in  the  present  unmanaged  woodlands 
of  southern  Illinois,  and  to  show 
how  this  knowledge  can  be  applied 
to  management  of  forests.  The  tree 
classes  are  based  on  the  characteris¬ 
tics  of  individual  trees  in  the  forest. 
The  objective  of  the  classification  is 
to  determine  how  each  tree  should 
be  treated  under  good  forestry  prac¬ 
tice. 

The  “typical”  southern  Illinois 
woodland  tract  probably  has  less 
than  40  acres  and  is  situated  on  land 
unsuited  for  crops  or  pasture.  Many 
of  the  bigger  and  better  trees  have 
been  cut  and  some  of  the  present 
timber  has  been  so  damaged  by  fire 
that  butt  rot  is  common.  Good  re¬ 
production  may  be  sparse.  Many 
of  the  present  trees  are  unmerchant¬ 
able  or  are  of  low  quality  (King  and 
Winters,  1952). 

The  data  in  this  paper  were  col¬ 
lected  over  a  period  of  8  years  and 
are  based  on  a  100%  tree  inventory 
of  22  experimental  forest  areas  to¬ 
taling  420  acres.  Half  the  areas 
were  in  the  mixed  hardwood  type 
and  half  in  the  oak-hickory  type. 
Mixed  hardwoods  occur  on  more 
moist  sites  such  as  coves,  lower 


slopes,  and  northerly  slopes.  The 
oak-hickory  type  occurs  on  drier 
sites,  including  upper  slopes,  south¬ 
erly  slopes,  and  ridgetops. 

The  upland  stands  studied  are 
judged  to  be  typical  for  southern 
Illinois.  The  species  composition 
and  the  tree-size  distribution  are 
shown  graphically  (Fig.  1).  A  gen¬ 
eral  feature  is  the  presence  of  numer¬ 
ous  cull  trees  (unmerchantable  now 
or  in  the  future)  among  all  species 
and  all  sizes. 

Tree  Classes 

In  a  complete  and  realistic  evalua¬ 
tion  of  unmanaged  woodlands,  the 
actual  condition  and  quality  of  in¬ 
dividual  trees  in  the  forest  must  be 
considered.  Tree  quality  refers  to 
soundness,  straightness,  clearness 
and,  in  general,  that  which  makes  a 
tree  presently  or  potentially  valu¬ 
able  as  a  producer  of  usable  wood. 
Over  a  period  of  years  the  follow¬ 
ing  tree  classes  have  been  found  use¬ 
ful  in  making  analyses  of  wood¬ 
lands  : 

Class  1. — Good -growing,  stock 
trees — high  quality  and 
vigorous ;  the  ultimate 
goal  of  forest  manage¬ 
ment.  These  trees  are 
an  excellent  capital  in¬ 
vestment. 
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Fig.  1.— Species  and  size-distribution  on  two  upland  forest  types  in  southern  Illinois. 
Basal  area  is  total  cross-sectional  area  outside  bark  of  all  trees,  4.5  feet  above  ground. 


Class  2. — A ccep table  - growi ng, 
stock  trees — fair  qual¬ 
ity  ;  making  good  net 
growth.  These  trees  are 
a  good  capital  invest¬ 
ment. 

Class  3. — Mature  trees  —  good 
quality  and  sound.  An¬ 
nual  value  increment 
has  fallen  below  an  ac¬ 
ceptable  percentage, 
usually  three  or  four 
percent. 


Class  4. — Sound,  low-quality  trees 
— merchantable  trees 
with  misshapen  or  ab¬ 
normally  short  trunks. 

Class  5. — Over-mature  trees — 
merchantable  trees  past 
maturity  size ;  often  de¬ 
fective  ;  mav  have  low 
or  negative  net  growth ; 
apt  to  be  lost  by  death 
or  windthrow. 

Class  6. — Defective,  low  -  quality 
trees  —  merchantable 
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trees  below  maturity 
size ;  of  low  quality  be¬ 
cause  of  rot  or  other  de¬ 
fect  ;  poor  risk  in  stand. 

Class  7. — Cull  trees — trees  unmer¬ 
chantable  now  or  in  the 
future. 

The  above  classes  logically  fall 
into  four  groups:  (a)  classes  1  and 
2  are  growing  stock  to  be  left  in 
the  stand;  (b)  classes  3  and  4  are 
contributing  less  than  a  proportion¬ 
ate  share  of  the  growth,  are  inter¬ 
fering  with  growing  stock  trees  and 
reproduction,  but  they  are  not  apt 
to  be  lost;  (c)  classes  5  and  6  are 
making  a  small  or  negative  growth 
contribution  to  the  stand  and  are 
a  poor  risk;  and  (d)  class  7,  cull 
trees  are  occupying  growing  space 
and  making  no  contribution. 

Occurrence  of  Tree  Classes 
in  Unmanaged  Stands 

The  data  collected  on  tree  classes 
show  the  approximate  nature  and 
extent  of  the  rehabilitation  job  in 


stands  of  typical  central  hardwoods 
(Figs.  2,  3,  and  4).  The  classified 
trees  serve  as  a  basis  for  deciding 
what  to  cut,  what  to  kill,  and  what 
to  leave  for  future  growth. 

In  the  mixed  hardwood  forests 
only  about  half  of  the  pole-sized 
trees  are  good  or  acceptable  grow¬ 
ing  stock.  The  remaining  trees  are 
mature,  over-mature,  sound  low- 
quality,  defective,  or  culls.  Only 
about  58%  of  the  small  sawtimber 
trees  and  38%  of  the  large  saw- 
timber  trees  are  growing  stock.  Less 
than  7  of  44  sawtimber-sized  trees 
per  acre  are  classed  as  good,  grow¬ 
ing  stock. 

In  oak-hickory  stands,  a  little  more 
than  half  of  the  pole-sized  trees 
should  be  kept  for  future  growth. 
Only  about  45%  of  the  small  saw- 
timber  trees  and  20%  of  the  large 
sawtimber  trees  are  growing  stock. 
About  1  of  34  sawtimber-sized  trees 
per  acre  is  classed  as  good,  growing 
stock. 

A  complete  rehabilitation  cut 
(leaving  only  the  growing-stock 


Fig.  2.- 


-Occui rence  of  tree-classes  in  upland,  mixed  hardwood  forests  of 

southern  Illinois. 
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Fig.  3. — Occurrence  of  tree-classes  in  upland  oak-hickory  forests  of  southern  Illinois. 


trees)  in  these  upland,  mixed  hard¬ 
woods  would  mean  harvesting  about 
2,000  board-feet  per  acre.  The  resid¬ 
ual  stand  after  cutting*  would  con¬ 
tain  about  2,100  board-feet  of  small 
sawtimber  and  800  board-feet  of 
large,  sawtimber,  growing  stock,  or 
a  total  of  2,900  board-feet.  In  oak- 
hickory  stands,  a  similar  cut  would 
take  about  1,800  board-feet,  and 


leave  1,400  feet  of  growing  stock. 
In  both  instances  all  good  pole-sized 
trees  would  also  be  left. 

Indicated  Approach  to 
Management  of  Woodlands 

The  optimum  number  and  size 
distribution  of  trees  in  well-managed 
stands  are  not  yet  adequately  known 
by  foresters,  although  approxima- 


SMALL  SAWTIMBER  LARGE  SAWTIMBER  SMALL  SAWTIMBER  LARGE  SAWTIMBER 
II  -  17  in.  10  in  and  ov«r  II—  17  in.  18  in  and  over 


Fig.  4. — Occurrence  of  tree  classes  by  merchantable  volume  on  two  upland 

forest  types  of  southern  Illinois. 
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tions  are  available  (Ill.  Tech.  Fores¬ 
try  Assoc.,  1950).  Perhaps  as  press¬ 
ing1  a  problem  as  proper  stocking 
in  most  woodlands  of  the  central 
region  is  rehabilitation  of  the  exist¬ 
ing  forests.  The  data  already  given 
on  tree  classes  show  that  more  than 
half  the  trees  are  not  suitable  to 
leave.  All  the  tree  classes,  except 
growing*  stock,  must  be  harvested 
or  killed  before  the  woodlands  can 
attain  maximum  production.  This 
improvement  cutting*  can  be  done 
on  different  time  schedules.  For  ex¬ 
ample  (1)  cut  only  the  poor-risk, 
merchantable  trees  (defective  and 
over-mature  classes)  and  kill  the 
culls.  This  would  remove  less  than 
half  of  the  nongrowing-stock  trees. 
The  sound,  low-quality  and  mature 
trees  would  be  “  stored  on  the 
stump”  for  future  cutting*.  Or  (2) 
cut  all  merchantable  tree  classes, 
except  growing-stock  trees,  and  kill 
the  culls.  Each  of  these  two  courses 
has  certain  advantages  that  will  be 
pointed  out  later. 

Effects  of  Improvement  Cutting 
on  Woodlands 

An  improvement  cutting  that  re¬ 
moves  all  or  a  portion  of  the  un¬ 
wanted  tree  classes  has  a  significant 
and  often  profound  effect  upon  the 
forest.  Almost  at  once  the  forest 
is  changed  from  a  relatively  static 
to  a  dynamic  plant  community. 
From  a  silvicultural  standpoint 
there  are  two  significant  results : 
(1)  growing-stock  trees  left  in  the 
stand  begin  to  grow  faster  because 
of  reduced  competition  for  light  and 
moisture;  and  (2)  reproduction  in¬ 
creases  because  cutting  provides 
more  light  on  the  forest  floor,  and 
logging  exposes  the  mineral  soil  fa¬ 


vorable  to  germination  of  tree  seeds. 

Numerous  examples  on  the  Kas- 
kaskia  Experimental  Forest  show 
that  improvement  cutting*  increases 
net  growth  (Minckler,  1954).  In 
a  typical  stand,  net  annual  growth 
after  all  tree  classes,  except  grow¬ 
ing*  stock,  were  removed  was  334 
board-feet  per  acre.  Estimated  net 
growth  before  the  cut  was  144  board- 
feet. 

The  increase  in  reproduction  as  a 
result  of  cutting*  treatments  involves 
species  composition  as  well  as  rapid¬ 
ity  of  seedling  growth.  The  desir¬ 
able  upland  timber  species,  such  as 
yellow-poplar  ( Liriodendron  t  u  lip  - 
if  era  L.),  white  oak  ( Quercus  alba 
L.),  black  oak  (Q.  velutina  Lam.), 
and  red  oak  ( Q .  rubra  L.)  are  rela¬ 
tively  intolerant  and  require  about 
50%  of  full  sunlight  for  good  de¬ 
velopment  of  seedlings.  The  less 
desirable  species  such  as  blackgum 
( Nyssa  sylvatica  Marsh.),  hickory 
{Cary a  spp.),  sugar  maple  {Acer 
saccharum  Marsh.),  and  beech  {Fa- 
gus  grandifolia  Elirli.)  will  thrive 
under  more  shade.  These  consider¬ 
ations  are  very  important  if  con¬ 
tinuous  yields  of  quality  species  are 
to  be  obtained. 

Summary  :  Use  of  Tree  Classes 
in  Forest  Management 

The  nature  and  extent  of  the  re¬ 
habilitation  job  in  the  woodlands  of 
southern  Illinois  may  be  determined 
by  recognizing  and  using  the  tree 
classes  discussed.  The  cull,  low- 
quality,  mature,  and  over-mature 
classes  of  trees  must  be  removed 
from  the  stand.  Doing*  this  job  in 
one  operation  has  several  advan¬ 
tages:  (1)  maximum  growth  of  good 
trees  left;  (2)  maximum  space  and 
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light  for  successful  reproduction  of 
desirable  species;  and  (3)  better 
chance  to  market  the  usually  low- 
grade  sawtimber  because  some  ma¬ 
ture  and  sound  trees  are  included 
in  the  sale. 

In  the  absence  of  fire  and  grazing, 
such  relatively  heavy  cuts  do  not 
normally  result  in  site  deterioration 
or  reduced  quality  of  runoff  water 
from  the  watershed.  Light  cuts 
that  remove  only  the  merchantable, 
over-mature,  and  defective  trees  and 
that  kill  the  culls  spread  the  work 
over  a  longer  period.  This  may  be 
an  advantage  to  a  farmer  who  does 
his  own  work.  The  same  result  can 
also  be  obtained  by  doing  the  com¬ 
plete  improvement  job  on  a  portion 


of  the  woodland  each  year  or  two. 

One  key  to  good  management  of 
existing  depleted  woodlands  lies  in 
recognizing  the  tree  classes  present, 
the  significance  of  each,  and  the  ap¬ 
plication  of  the  information  in  im¬ 
provement  cutting.  This  knowledge 
will  help  answer  these  questions 
about  each  tree :  shall  it  be  cut, 
killed,  or  left  to  grow?  Generally, 
the  size  distribution,  species  com¬ 
position,  and  number  of  trees  per 
acre  of  the  residual  stands,  after  a 
rehabilitation  cut,  are  such  that  a 
good  growth  response  is  obtained. 
The  increased  light  obtained  on  the 
forest  floor  is  essential  for  success¬ 
ful  reproduction  of  good  timber 
species. 
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AMOUNT  OF  THROU GHF ALL  AND  STEMFLOW  IN 
A  SHORTLEAF  PINE  PLANTATION  AS  RELATED 
TO  RAINFALL  IN  THE  OPEN 

W.  R.  BOGGESS 

University  of  Illinois ,  Dixon  Springs  Station,  Robbs 


The  amount  of  rainfall  reaching 
the  ground  in  an  open  area  and  in 
an  adjacent  timber  stand  will  differ 
considerably.  A  part  of  the  rain 
falling  on  a  forest  drops  directly 
through  the  canopy.  The  remainder 
is  intercepted  by  the  crowns  of  the 
trees.  Some  of  the  intercepted  mois¬ 
ture  evaporates  directly  into  the 
atmosphere,  but  a  much  greater  part 
(except  in  light  showers)  reaches 
the  ground  by  dropping  from  the 
leaves  and  twigs  or  by  flowing  down 
the  branches  and  stems.  That  part 
of  the  rainfall  that  evaporates  di¬ 
rectly  into  the  atmosphere  is  known 
as  interception.  That  reaching  the 
ground  directly  or  by  dropping  from 
the  leaves  and  twigs  is  known  as 
throughfall.  The  part  that  flows 
down  the  stem  and  into  the  soil  is 
known  as  stemflow.  The  sum  of  the 
throughfall  and  stemflow  makes  up 
the  net  rainfall.  Both  stemflow  and 
throughfall  are  influenced  by  many 
factors  and  differ  widely  between 
species  of  plants  and  localities. 
(Kittredge,  1948). 

Net  rainfall  has  been  measured 
over  a  three-year  period  (May  1, 
1951  to  April  30,  1954)  in  a  short- 
leaf  pine  ( Pinus  echinata  Mill.) 
plantation  located  at  the  Dixon 
Springs  Experiment  Station,  Pope 
County,  Illinois.  These  measure¬ 
ments  were  made  as  a  part  of  a  study 
of  trends  in  soil  moisture  under  dif¬ 
ferent  types  of  vegetative  cover. 


Description  of  Stand 

The  shortleaf  pjne  plantation  was 
established  during  the  spring  of 
1937.  At  the  beginning  of  the  study 
there  were  800  pine  trees  per  acre 
(3.6  inches  in  diameter  and  over) 
with  a  basal  area  of  110  square  feet. 
During  the  three-year  period,  basal 
area  increased  to  135  square  feet 
per  acre  and  average  diameter  from 
5.0  to  5.6  inches.  All  diameter 
measurements  were  made  at  a  point 
4.5  feet  above  the  ground. 

Methods 

Measurements  of  throughfall  and 
stemflow  were  made  on  three,  one- 
fifth  acre,  un thinned,  check  plots  of 
a  previously  established  thinning  ex¬ 
periment.  Paired,  standard  rain 
gages  were  located  on  each  plot.  One 
gage  was  located  under  a  heavy  part 
of  the  canopy  and  another  in  the 
nearest  opening.  In  most  instances 
the  openings  were  merely  thin  places 
in  the  canopy.  Rainfall  was  also 
measured  in  an  open  area,  adjacent 
to  the  plantation,  by  a  standard  and 
a  recording  gage.  Rainfall  was 
measured  after  each  storm  or  as 
nearly  so  as  practical.  A  storm  was 
considered  as  a  period  of  precipita¬ 
tion  separated  by  at  least  six  hours 
from  any  other  period  in  which  pre¬ 
cipitation  occurred.  The  locations 
of  rain  gages  in  the  plantation  were 
shifted  periodically  during  the 
study. 


[55] 


Table  1. — Data  on  Rainfall  Under  the  Canopy  and  Outside  of  a  Shortleaf  Pine  Plantation, 

and  at  the  Dixon  Springs  Experiment  Station,  1951-1954. 
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1  Maintained  by  the  Dixon  Springs  Experiment  Station  in  cooperation  with  the  U.  S.  Weather  Bureau.  Listed  in  Weather  Bureau  Summaries  as  “Glendale 
Experimental  Farm”. 
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Fig.  1. — Relationship  of  throughfall,  stem  flow,  net  rainfall,  and  rainfall  in  the  open. 


Stemflow  was  measured  during  the 
final  year  of  the  study  on  ten  trees 
located  near  the  rain  gages.  Water 
flowing  down  the  stems  was  caught 
i:i  spiral  gutters  made  from  alumi¬ 
num  flashing  and  fastened  to  the 
trees  with  aluminum  roofing  nails. 
The  top  edge  of  the  gutters  was 
sealed  with  asphalt  roofing  cement. 
Water  was  led  from  the  trees  to  five- 
gallon  collection  cans  by  a  piece  of 
plastic  tubing.  The  amount  of  stem- 
flow  was  determined  by  weighing 
the  cans  after  each  storm  and  con¬ 
verting  the  weights  into  inches  of 
water  per  acre. 

Results  and  Discussion 

The  rainfall  pattern  differed  con¬ 
siderably  during  the  three-year  peri¬ 
od.  The  total  precipitation  for  1951- 
52  exceeded  the  15-year  average  at 
the  Dixon  Springs  Station  by  15.9 
inches.  There  was  a  deficit  of  10.5 


inches  in  1952-53  and  of  14.0  inches 
in  1953-54.  Monthly  precipitation 
under  the  canopy  and  outside  the 
stand,  as  well  as  the  official  rainfall 
(collected  for  the  U.  S.  Weather 
Bureau)  at  the  Dixon  Springs  Sta¬ 
tion  is  shown  in  Table  1.  Differences 
between  the  monthly  totals  at  the 
official  gage  and  that  outside  the 
pine  plantation  are  due  to  the  facts 
that:  (1)  the  two  stations  are  five 
miles  apart;  and  (2)  the  weather 
bureau  data  are  divided  by  days 
ending  at  midnight,  while  those  for 
the  pine  plantation  are  recorded  by 
storms.  Occasionally,  storms  over¬ 
lapped  the  last  day  of  a  month  and 
the  first  day  of  the  next  month.  In 
these  instances  the  total  rainfall  for 
the  storm  at  the  pine  plantation  was 
recorded  for  the  day  on  which  the 
storm  began  and  would  therefore 
indicate  a  greater  monthly  total 
than  that  recorded  at  the  official 
gage. 
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Fig.  2. — Relationship  between  interception  and  rainfall  in  the  open. 


June,  1951,  was  the  wettest  month 
during  the  three-year  period  (11.15 
in.).  The  least  rainfall  was  in  Au¬ 
gust,  1953  (0.73  inches).  The 

heaviest  rainfall  in  a  single  storm 
(3.92  inches)  fell  on  March  10,  1952. 

Linear  relationships  were  estab¬ 
lished  between  throughfall,  stem- 
flow,  net  rainfall,  and  rainfall  in 
the  open  (Fig.  1).  The  equations 
are  shown  below : 

Tli roughfall=0. 8957  (rainfall  in 
open) — 0.0562 

Stemflow=0.0982  (rainfall  in 
open) — 0.0045 

Net  rainfall=0.9939  (rainfall  in 
open) — 0.0607 

The  equation  for  throughfall  is 
based  on  157  storms  which  averaged 
0.82  inches  of  rainfall.  Stemflow 
is  based  on  35  storms  in  1953-54 
which  averaged  0.84  inches.  Al¬ 


though  the  percentage  of  through- 
fall  is  about  2.5%  less  in  1953-54 
than  in  either  1951-52  or  1952-53,  the 
regression  equations  for  these  years 
were  not  significantly  different.  Sea¬ 
sonal  differences  in  the  amounts  o^' 
throughfall  and  stemflow  were  negli¬ 
gible. 

Measurable  amounts  of  stemflow 
did  not  begin  until  storms  exceeded 
0.20  inches  in  size.  During  the  wet 
year  of  1951-52,  stemflow  added  a 
calculated  5.72  inches  of  moisture 
to  the  soil  or  9.3%  of  the  rain  falling 
in  the  open.  The  amount  of  stem- 
flow  was  less  during  the  two  dry 
years  (1952-54),  amounting  to  7.9% 
of  the  total  rainfall  (Table  2). 

The  calculated  interception  by  the 
canopy  of  the  pine  plantation  (Table 
2)  amounted  to  7.5%  of  the  total 
rainfall  in  the  open  in  1951-52, 


Through  fall  and  Stem  flow 
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Table  2. — Number  and  Size  of  Storms,  Inches  of  Total  Rainfall,  Throughfall, 
Stemflow,  Net  Rainfall,  Interception,  and  Percent  of  Interception  for  a  Shortleaf 
Pine  Plantation,  1951-54. 


Year 

Storms 

Inches  of  water 

Percent 

inter¬ 

ception 

No. 

Size 

(in.) 

Total 

rainfall 

Through- 

fall 

Stem- 

flow 

Net 

rainfall 

Inter¬ 

ception 

1951-52 . 

67 

0.92 

61.76 

51.40 

5.72 

57.12 

4.64 

7.51 

1952-53 . 

49 

0.72 

35.32 

29.41 

2.58 

31.99 

3.33 

9.46 

1953-54 . 

41 

0.78 

31.85 

25.68 

2.73 

28.41 

3.44 

10.91 

Total . 

157 

0.82 

128.93 

106.49 

11.03 

117.52 

11.41 

8.85 

9.5%  in  1952-53,  and  to  10.9%  in 
1953-54.  The  relation  between  in¬ 
terception  and  the  amount  of  rain¬ 
fall  in  the  open  is  shown  in  Figure  2. 

It  is  of  interest  to  compare  these 
results  with  data  obtained  by  Hoover 
(1953)  for  a  young  loblolly  pine 
( Pinus  taeda  L.)  plantation  near 
Union,  South  Carolina.  He  estab¬ 
lished  the  following-  relationships  be¬ 
tween  throughfall,  stemflow,  net  rain¬ 
fall,  and  rainfall  in  the  open : 

Throughfall  =  0.732  (rainfall  in 
open) — 0.016 

Stemflow  =  0.222  (rainfall  in 
open) — 0.018 

Net  rainfall  =  0.954  (rainfall  in 
open) — 0.034 


A  comparison  of  the  Union,  South 
Carolina,  and  Dixon  Springs  data 
for  storms  of  different  size  is  shown 
in  Table  3. 

Throughfall  was  greater  at  Dixon 
Springs  than  at  Union,  while  the 
opposite  was  true  for  stemflow.  Net 
rainfall  did  not  differ  appreciably 
between  the  two  locations.  The  dif¬ 
ference  in  throughfall  was  undoubt¬ 
edly  influenced  by  the  fact  that  the 
average  rainfall  per  storm  was  0.82 
inches  at  Dixon  Springs  and  0.45 
inches  at  Union.  The  percentage  of 
throughfall  increases  sharply  with 
the  amount  of  rainfall  and  begins 
to  level  off  when  storms  exceed  one- 
half  to  three-quarters  of  an  inch  in 


Table  3. — Amount  of  Throughfall,  Stemflow,  and  Net  Rainfall  Calculated  for 
Storms  of  Different  Sizes  in  Plantations  of  Loblolly  Pine  at  Union,  South  Carolina, 
and  Shortleaf  Pine  at  the  Dixon  Springs  Experiment  Station. 


Storm  Size 

Throughfall 

Stemflow:  inches,  water 

Net  r 

ai  nf  all 

Union 

Dixon 

Springs 

Union 

Dixon 

Springs 

Union 

Dixon 

Springs 

0.50 . 

0.350 

0.392 

0.093 

0.045 

0.443 

0 . 437 

1 . 00 . 

0.716 

0.839 

0.204 

0 . 093 

0 . 920 

0.932 

1.50 . 

1  .082 

1.287 

0.315 

0.143 

1.397 

1 . 430 

2.00 . 

1.448 

1 . 735 

0.426 

0.192 

1.874 

1 . 927 
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size.  The  relationship  is  fairly  con¬ 
stant  above  one  inch.  More  than 
one-half  of  the  storms  at  Dixon 
Springs  were  greater  than  one-half 
inch  in  size  (Table  4).  This  is  fairly 
typical  of  rainfall  in  this  area. 
Page  (1949)  pointed  ont  that  the 
climate  of  Illinois  is  dominated  by 
cyclonic  storms  with  their  accom- 
panying  interchanges  of  air  masses. 
During  the  cooler  parts  of  the  year 
the  long,  low-pressure  troughs,  with 
cooler  air  to  the  north  and  warmer 
air  to  the  south,  frequently  become 
stationary  and  result  in  two  or  three 
days  of  cloudy  or  rainy  weather. 
Rains  of  two  days’  duration  are  not 
uncommon  under  these  circum¬ 
stances. 


Table  4. — Classification  of  Storms  at 
the  Dixon  Springs  Experiment  Station, 
1951-54. 


Storm  size 
(inches) 

Number  of 
storms 

Percent 

total 

storms 

0-0.25 

20 

12.74 

0.26-0.50 

43 

27.39 

0.51-0.75 

28 

17.83 

0.76-1.00 

20 

12.74 

1.01-1.25 

16 

10.19 

1.26-1.50 

11 

7.01 

1.51-1.75 

4 

2.55 

1.76-2.00 

6 

3.82 

2.01-2.25 

2 

1.27 

2.26-2.50 

3 

1.91 

2.51-2.75 

1 

0.64 

2.76-3.00 

1 

0.64 

3.01-above 

2 

1.27 

The  amount  of  stemflow  per  storm 
was  about  twice  as  much  for  loblolly 
pine  at  Union  as  for  shortleaf  pine 
at  Dixon  Springs.  These  differences 
are  probably  related  to  characteris¬ 
tics  of  the  two  species  since  the 
average  rainfall  per  storm  was  about 
the  same  for  the  two  locations  (0.80 
inches  at  Union  and  0.84  inches  at 


Dixon  Springs).  While  the  volume 
of  stemflow  is  considerably  less  for 
shortleaf  pine  than  for  loblolly  pine, 
its  importance  in  the  redistribution 
of  rainfall,  as  discussed  by  Hoover, 
should  not  be  underestimated.  In 
the  slowly  to  moderately  permeable 
soils,  which  occur  on  the  uplands 
of  southern  Illinois,  conditions  are 
probably  more  favorable  for  mois¬ 
ture  penetration  at  the  bases  of  trees 
than  at  other  locations  within  the 
stand.  Thus  a  small  volume  of  stem- 
flow  moisture  might  have  as  much, 
or  more,  beneficial  effect  on  tree 
growth  than  a  large  amount  occur¬ 
ring  as  throughfall.  This  would  be 
particularly  true  in  high  intensity 
storms  where  runoff  would  become 
an  important  factor. 

Interception  may  seem  insignifi¬ 
cant  when  considered  on  the  basis  of 
an  individual  storm.  Its  importance 
is  realized  when  evaluated  as  an  in¬ 
crement  of  the  total  precipitation 
for  a  period  of  a  year  or  more.  On 
an  annual  basis  the  amount  of  mois¬ 
ture  intercepted  by  the  forest  canopy 
and  evaporated  back  into  the  at¬ 
mosphere  is  equivalent  to  almost  a 
month’s  rainfall.  Thus  the  amount 
of  moisture  available  for  plant 
growth,  groundwater  reserves,  or 
streamflow  is  reduced  by  approxi¬ 
mately  one-twelfth  the  annual  rain¬ 
fall. 

Interception  losses  are  not  limited 
to  timber  stands  although  more  at¬ 
tention  has  been  given  to  the  forest 
than  to  other  vegetative  cover  types. 
Man’s  attention  was  probably  drawn 
to  the  relation  of  the  forest  and  rain¬ 
fall  at  an  early  date — he  has  long 
sought  shelter  from  storms  in  the 
forest.  Then,  too,  both  throughfall 

and  stemflow  are  more  easily  meas- 

*/ 
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ured  in  the  forest  than  under 
herbaceous  covers.  However,  all 
types  of  cover  intercept  precipita¬ 
tion,  some  to  a  greater  extent  than 


others.  Knowledge  of  all  cover  types 
is  necessary  to  evaluate  properly  the 
effects  of  vegetation  on  watershed 
management. 
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INFLUENCE  OF  WASHING  TIME  ON  INFECTION 
BY  TOBACCO  MOSAIC  VIRUS 

J.  L.  DALE  AND  H.  H.  THORNBERRY 

University  of  Illinois,  Urhana 


Mechanical  inoculation  with  a 
buffered  virus  inoculum  from  plant 
leaf  tissues  requires  a  washing  of 
the  leaves  after  inoculation  to  re¬ 
move  extraneous  substances  that 
might  cause  injury  to  the  leaves,  if 
allowed  to  remain  on  the  plant.  The 
influence  on  infection  of  this  wash¬ 
ing  of  inoculated  leaves  was  investi¬ 
gated  to  obtain  information  that 
might  be  utilized  to  standardize  fur¬ 
ther  the  virus  assay  procedure  and 
to  explain  more  fully  the  process  of 
infection  in  the  host  tissues.  These 
studies  were  aided  by  a  contract 
between  the  Office  of  Naval  Re¬ 
search,  Department  of  Navy,  and 
University  of  Illinois,  NR  131-193. 

Materials  and  Methods 

The  virus  used  throughout  the 
investigations  was  a  preparation  of 
tobacco  mosaic  virus,  Marmor  t abaci 
Holmes,  obtained  from  the  expressed 
juice  of  diseased  leaves  of  Turkish 
tobacco,  Nicotiana  tabacum  L.  The 
virus  was  partially  purified  by  dif¬ 
ferential  sedimentation  in  a  model 
L.  Spinco  ultracentrifuge. 

The  assay  tissues  were  those  of 
the  primary  leaves  of  Scotia  beans, 
Phaseolus  vulgaris  L.  The  plants 
were  grown  in  sterilized  soil  in  steril¬ 
ized  pots  in  a  greenhouse,  and  the 
primary  leaves  were  inoculated  ap¬ 
proximately  12  days  after  planting 
the  seed. 


The  inoculum  was  a  suspension  of 
the  virus  in  0.1  molar  phosphate 
buffer  at  pH  8.5  and  contained  800- 
mesh  aluminum  oxide  powder  at  a 
7.0%  concentration. 

Mechanical  inoculations  consisted 
of  applying  the  virus  inoculum  to 
the  upper  surface  of  the  bean  leaves 
by  stroking  the  leaves  with  cheese¬ 
cloth  pads  saturated  with  inoculum. 
After  inoculation  the  leaves  were 
washed  by  immersion  in  distilled 
water  for  stated  periods  of  time. 

Review  of  Literature 

Yarwood  (1951,  1952a)  showed 
that  the  washing  of  bean  leaves  after 
mechanical  inoculation  with  phos¬ 
phate  salts  in  the  inoculum  reduced 
the  amount  of  infection.  When  in¬ 
jured  leaves  were  inoculated  by  im¬ 
mersing  them  in  aqueous  virus  in¬ 
oculum,  Yarwood  (1952b)  found 
that  leaves  injured  by  rubbing  with 
a  dry  brush  developed  more  lesions 
than  leaves  similarly  rubbed  with 
a  wet  brush.  Dale  (1953)  reported 
that  when  injured  bean  leaves  were 
inoculated  by  immersion  in  aqueous 
virus  inoculum  the  amount  of  in¬ 
fection  decreased  as  the  immersion 
period  increased.  He  also  found 
that  the  amount  of  infection  with 
the  immersion  method  decreased 
with  the  duration  of  the  aging  of 
injured  leaves  in  air  prior  to  inocu¬ 
lation. 
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Fig.  1A. 


Fig.  IB. 


Fig.  1C. 


Fig.  1. — The  effect  on  amount  of  infec¬ 
tion  of  washing  inoculated  bean  leaves, 
when  mechanically  inoculated  leaves 
were  washed  in  distilled  water:  A.  For 
varied  periods  of  time  immediately  after 
inoculation  (data  at  zero  time  of  wash¬ 
ing  were  obtained  from  inoculated  plants 
that  received  a  momentary  dip  in  dis¬ 
tilled  water);  B.  For  standard  one-min¬ 
ute  period  of  washing  after  standard 
ten-second  preliminary  washing  and 
varied  period  of  exposure  to  air;  C.  For 
varied  periods  of  secondary  washing 
after  standard  preliminary  treatment 
consisting  of  10-second  wash  and  60- 
minute  period  of  aging  in  air. 


Allington  and  Laird  (1954)  re¬ 
ported  that  the  amount  of  infection 
bv  tobacco  mosaic  virus  on  Nicotiana 
glutinosa  was  greatly  reduced  when 
wounded  tissues  were  either  soaked 
in  water  or  exposed  to  air  prior  to 
inoculation  by  immersing  wounded 
leaves  in  virus  inoculum.  Kalmus 
and  Kassanis  (1945)  stated  that 
leaf  tissues  of  N.  glutinosa,  injured 
by  rubbing  with  Celite  powder,  were 
resistant  to  infection  by  tobacco 
mosaic  virus  sprayed  on  the  leaves 
three  hours  after  the  injury. 

Results 

The  influence  of  washing  on  the 
amount  of  infection  resulting  from 
mechanical  inoculations  was  deter¬ 
mined  under  three  conditions  of 
washing.  The  influence  of  washing 
of  the  leaves  immediately  after  in¬ 
oculation  with  virus  was  determined 
by  inoculating  the  leaves  in  the  pre¬ 
viously  described  manner  and  then 
immediately  immersing  them  in 
water  for  varied  periods  of  time. 
The  results,  Figure  1A,  show  that 
the  amount  of  infection  decreased 
with  the  duration  of  the  washing 
period. 

The  influence  of  a  standard  one- 
minute  washing  in  water  was  deter¬ 
mined  after  inoculated  leaves  were 
subjected  to  an  initial  ten-second 
washing  followed  by  varied  periods 
of  exposure  to  air,  aging.  The  re¬ 
sults  of  this  test,  Figure  IB,  when 
compared  with  the  results  in  Figure 
1A,  indicate  that  the  reduction  in 
the  amount  of  infection  from  the 
second  washing  after  periods  of 
aging  was  less  than  the  reduction 
from  washing  immediatelv  follow- 
ing  inoculation.  In  addition  the  re¬ 
sults  in  Figure  IB  indicate  that  a 
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period  of  aging  prior  to  washing  in¬ 
fluenced  the  amount  of  infection. 
This  increased  with  the  duration  of 
the  aging. 

The  influence  of  a  secondary  wash¬ 
ing  in  water  for  various  periods, 
after  a  standard  initial  10-second 
washing  in  water  and  a  standard  60- 
minute  aging  period  in  air,  was 
determined.  The  results,  Figure  1C, 
reveal  that  the  amount  of  infection 
decreased  with  the  duration  of  the 
second  washing. 

Discussion 

Graphic  analysis  of  the  experi¬ 
mental  data  shows  some  relation¬ 
ships  between  the  number  of  infec¬ 
tions  obtained  and  the  duration  of 
the  washing  or  aging  treatment  of 
the  inoculated  leaves.  When  the 
data  were  plotted  coordinately,  with 
the  number  of  lesions  as  ordinates 
on  a  logarithmic  scale  and  time  as 
abscissae  on  an  arithmetic  scale 
(Fig.  1A,  B,  C),  the  graphs  indicate 
two  regions  of  rate  of  change  in  the 
amount  of  infection  with  the  dura¬ 
tion  of  the  treatments.  In  the  first 
region  the  rate  of  change  in  the 
amount  of  infection  is  not  constant, 
but  in  the  second  region,  the  rate  is 
constant. 

The  results  obtained  fail  to  in¬ 
dicate  specific  mechanisms  concerned 
in  the  influence  of  washing  and  ag¬ 
ing  on  infection.  However,  the 
graphs  do  suggest  that  a  physical 
phenomenon  such  as  diffusion  is  in¬ 
volved.  A  mechanism  involving 
growth  processes  of  the  host  is  un¬ 
likely,  since  the  response  occurs  so 
rapidly.  In  the  case  of  immediate 
washing  after  inoculation,  water  in 
bulk  may  disturb  the  mechanism  of 


cellular  recovery  such  as  the  forma¬ 
tion  of  a  surface  film  or  membrane 
over  the  area  of  protoplasm  injured 
by  the  inoculation.  The  aging  of 
injured  cells  prior  to  a  one-minute 
washing  apparently  allows  any  re¬ 
pair  or  healing  process  to  progress 
to  the  extent  that  a  recovered  mem¬ 
brane  is  more  resistant  to  the  action 
of  water  in  the  washing  period.  This 
is  supported  by  the  fact  that  re¬ 
sistance  to  the  effect  of  washing  in¬ 
creases  with  the  length  of  the  aging 
periods.  This  concept  of  resistance 
is  further  supported  by  comparing 
the  rate  of  change  in  the  amount 
of  infection  shown  in  Figures  1A 
and  1C.  When  Kalmus  and  Kas- 
sanis  (1945)  applied  virus  subse¬ 
quent  to  both  injury  and  aging  of 
leaves,  the  repair  or  healing  became 
so  fixed  that  the  cells  in  N.  glutinosa 
were  resistant  to  infection  after 
three  hours. 

The  results  obtained  when  Scotia 
beans  were  used  as  the  assay  plant 
suggest  that  definitely  timed  periods 
of  washing  of  leaves  following  in¬ 
oculation  could  further  refine  the 
local  lesion  method  as  presently  used 
in  measuring  the  relative  infectivitv 
of  virus  solutions.  According  to  the 
curve  in  Figure  1A,  maximal  infec¬ 
tion  would  be  attained  with  a  mini¬ 
mal  period  of  washing  immediately 
after  mechanical  inoculation.  How- 
ever,  reproducible  results  might  be 
more  easily  achieved  if  the  virus 
assay  were  carried  out  with  a  wash¬ 
ing  period  the  length  of  which  is 
shown  within  a  region  of  the  curve 
which  follows  a  straight  line  rela¬ 
tionship  between  the  amount  of  in¬ 
fection  and  the  duration  of  wash¬ 
ing.  This  would  tend  to  minimize 
the  unavoidable  variations  encoun¬ 
tered  in  the  mechanics  of  washing. 
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Summary 

The  washing  of  bean  leaves  in¬ 
oculated  with  tobacco  mosaic  virus 
had  a  varied  influence  on  the  amount 
of  infection.  When  washed  immedi¬ 
ately  after  mechanical  inoculation, 
the  amount  of  infection  decreased 
with  the  duration  of  the  washing 
period.  When  inoculated  leaves 
were  given  an  immediate  ten-second 
washing,  a  varied  period  of  exposure 
to  air,  and  then  a  standard  one- 


minute  washing,  the  amount  of  in¬ 
fection  increased  with  the  duration 
of  the  aging  period.  When  inoculat¬ 
ed  leaves  were  given  an  immediate 
10-second  washing  and  a  subse¬ 
quent,  standard,  60-minute  period 
of  aging  in  air,  the  amount  of  in¬ 
fection  decreased  with  the  duration 
of  the  second  washing.  The  data 
suggest  that  the  initial  cellular 
changes  influencing  infection  are 
physical  in  nature. 
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PROBLEMS  IN  THE  USE  OF  MULTIFLORA  ROSE 

W.  D.  KLIMSTRA 

Southern  Illinois  University,  Carhondale 


Introduction 

During  recent  years  much  inter¬ 
est  has  developed  in  the  use  of  mul¬ 
tiflora  rose,  Rosa  multiflora,  for  live¬ 
stock  fencing,  prevention  of  soil 
erosion,  and  for  food  and  cover  for 
wildlife.  Much  of  the  pioneering 
work  (Burgess,  1948)  was  conducted 
by  the  Missouri  Department  of  Con¬ 
servation  in  cooperation  with  the 
U.  S.  Soil  Conservation  Service. 
Other  state  conservation  depart¬ 
ments  soon  embarked  on  habitat 
restoration  programs  depending 
largely  on  multiflora  rose  as  the  an¬ 
swer  to  their  need  for  an  all  purpose 
plant.  Farmers,  sportsmen’s  groups, 
garden  clubs,  scouts,  etc.  were 
strongly  encouraged  to  incorporate 
use  of  this  rose  in  their  conservation 
programs. 

As  with  many  new  items,  insuffi¬ 
cient  data  were  available  at  the  time 
multiflora  rose  was  proclaimed  as 
the  complete  answer  to  habitat 
restoration.  Some  of  the  data,  which 
could  have  been  obtained  in  a  few 
years  of  observation  of  experimental 
plantings,  has  only  now  become 
available  from  disgruntled  users.  As 
a  result,  bad  publicity,  which  might 
have  been  avoided,  is  in  evidence 
from  several  areas.  Because  farmers 
are  so  important  to  game  produc¬ 
tion,  game  management  programs 
can  ill  afford  incidents  which  result 
in  strained  relations  with  tenants 
and  land  owners. 


The  data  being  reported  upon 
were  accumulated  over  a  period  of 
nine  years  (1946  to  1954)  with  ma¬ 
jor  emphasis  in  1953  and  1954.  A 
total  of  219  plantings  was  studied 
in  10  counties  in  Iowa  and  26  in 
Illinois.  Of  this  total,  156  plantings 
were  established  to  serve  as  “living 
fences”,  while  the  remainder  (63) 
were  for  wildlife  cover.  At  the  time 
studies  were  made,  the  individual 
plantings  ranged  in  age  from  1  to 
15  years  with  the  following  age 
classes  represented :  1  year  (21 

plantings)  ;  2  years  (19)  ;  3  years 
(41)  ;  4  years  (46)  ;  5  years  (49) ; 
6  years  (6) ;  7  years  (12)  ;  8  years 
(3)  ;  9  years  (3)  ;  10  years  (4)  ;  12 
years  (6)  ;  and  15  years  (9  plant¬ 
ings). 

Causes  of  Unsatisfactory  Results 

Only  18%  of  the  fence  plantings 
four  years  or  older  were  considered 
serviceable.  An  additional  36% 
were  believed  to  be  repairable  with 
minimum  effort.  The  remainder 
(46%)  was  considered  entirely  un¬ 
suitable  as  “living  fences”,  largely 
because  of  poor  stands  and  stunted 
growth. 

The  majority  of  farmers  contacted 
(69%)  reported  some  dissatisfaction 
when  evaluating  the  rose  as  a  “liv¬ 
ing  fence”.  In  many  instances,  the 
cause  was  largely  the  responsibility 
of  the  landowner  or  tenant  who 
failed  to  carry  out  the  practices  rec- 
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ommended  for  the  handling  of  the 
rose.  However,  instances  of  poor 
advisement  were  prevalent.  This 
study  indicated  that  conservation 
officials  handling  the  distribution  of 
multiflora  rose  often  were  improper¬ 
ly  informed  as  to  its  best  use.  Others 
believed  that  the  success  of  their 
program  depended  on  the  total  num¬ 
ber  of  plants  distributed,  regardless 
of  whether  they  were  properly  han¬ 
dled  or  planted.  Too  often,  unsatis¬ 
factory  results  occurred  because  of 
a  failure  to  see  that  the  most  de¬ 
sirable  sites  were  selected  and  that 
the  plants  were  set  out.  When  the 
site  was  suitable  and  the  plants  were 
properly  handled,  growth  and  stand 
results  were  in  general  quite  satis- 
factorj^. 

Of  the  problems  affecting  the  suc¬ 
cess  of  multiflora  rose,  poor  site  lo¬ 
cation  and  improper  handling  were 
believed  the  most  serious.  Of  the 
total  plantings  observed,  50% 
showed  evidence  of  failure  because 
of  one  or  both  these  factors.  Fail¬ 
ures  were  most  evident,  however,  in 
plantings  established  after  1949  and 
in  those  on  private  property.  Here 
at  least  65%  showed  slow  growth 
and  low  survival.  This  perhaps  in¬ 
dicates  that  less  care  was  given  to 
insure  proper  establishment  when  in¬ 
tensive  use  of  the  rose  was  first 
undertaken. 

The  more  important  factors  in 
site  location  are  drainage,  drought, 
and  shade.  Virtually  all  plantings 
observed  in  drainage  ways,  in  poor¬ 
ly  drained  bottom  lands,  on  heavy 
clay  pan  soils,  and  bordering  marsh 
areas  revealed  poor  stands  (63%) 
and  in  some  places  extremely  slow 
growth.  Sandy  and  clay  pan  soils 
and  those  low  in  humus  were  found 


to  be  poor  planting  sites,  probably 
owing  to  insufficient  moisture  dur¬ 
ing  late  summer.  In  these  sites 
growth  was  slow  and  the  average 
survival  only  59%,  with  a  range  of 
35  to  88%.  In  heavily  shaded  sites 
the  rose  produced  weak  plants  with 
long  slender  canes.  In  all  probabil¬ 
ity  competition  for  moisture,  as  well 
as  sunlight,  was  important. 

Based  on  information  supplied  by 
persons  using  the  rose,  12%  of  the 
plantings  did  not  have  proper  seed 
bed  preparation.  Virtually  all  of 
these  (92.6%)  were  not  successful 
because  of  low  survival  (average 
46%)  and  slow  growth  (4-year  olds 
averaged  27.3  inches  in  height). 

Applications  of  fertilizers  at 
planting  time  were  infrequent  (12% 
of  the  plantings)  before  1951  and 
only  slightly  less  uncommon  there¬ 
after  (29%  of  the  plantings).  Al¬ 
though  admittedly  difficult  to  evalu¬ 
ate,  available  potash  and  phosphate 
seemed  most  critical.  In  southern 
and  northern  Illinois  and  southern 
Iowa  (Klimstra,  1951),  fertilizers 
are  extremely  important  to  good 
growth.  (Burgess,  1948,  reported 
that  fertilization  was  of  little  ad¬ 
vantage).  Evidence  of  deficiencies 
was  especially  noticeable  in  counties 
in  northeastern  and  southern  Illi¬ 
nois,  particularly  in  the  latter  which 
includes  the  Ozark  and  clay-pan 
regions.  In  central  and  most  of 
northern  Illinois,  and  the  northern 
two-thirds  of  Iowa,  signs  of  deficient 
fertility  were  uncommon. 

M  u  1 1  i  fl  o  r  a  rose  was  neither 
mulched  nor  cultivated  in  32%  of 
the  plantings.  Growth  rates  of  plant¬ 
ings  mulched  with  corncobs,  saw¬ 
dust  or  straw  were  definitely  su¬ 
perior  to  those  that  had  been  culti- 
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vated,  averaging  22%  greater 
height.  It  was  obvious  that  during 
its  initial  establishment  in  a  plant¬ 
ing,  this  rose  did  not  compete  read¬ 
ily  with  other  plants.  Competition 
with  blue  grass,  Poa  prat  ensis , 
seemed  most  severe  although  an¬ 
nuals,  particularly  grasses,  were  im¬ 
portant.  However,  it  was  apparent 
that  once  the  rose  became  estab¬ 
lished,  it  dominated  virtuallv  all 
herbaceous  vegetation  to  the  extent 
of  eliminating  it.  This  has  been 
reported  as  a  factor  resulting  in 
serious  erosion  (Dickey,  1951).  Com¬ 
petition  with  trees  for  sunlight  and 
moisture  appeared  to  be  disastrous 
for  multiflora  rose. 

The  use  of  multiflora  rose  has  cer¬ 
tain  climatic  limitations,  for  winter 
kill  of  canes  was  apparent  in  vir¬ 
tually  all  regions  of  Illinois  and 
Iowa.  Observations  indicated  that 
the  rose  was  not  adapted  to  severe 
winters ;  frequently  the  canes  froze 
back  to  the  crown,  and  in  some  in¬ 
stances  entire  plants  were  killed. 
However,  winter  kill  was  not  ob¬ 
served  in  plants  less  than  three  to 
four  years  of  age,  with  the  bulk  of 
winter  mortality  occurring  in  plant¬ 
ings  six  years  or  older. 

According  to  Rehder  (1947),  the 
most  favorable  habitat  for  multi- 
flora,  rose  is  in  temperature  zone  V 
(-10°  to  -5°F),  the  northern  bound¬ 
ary  of  which  is  about  on  a  line  from 
Quincy  to  Danville,  Illinois.  The 
northern  limit  of  zone  IV  (-20°  to 
-10°)  lies  a  short  distance  north  and 
west  of  Illinois.  Rehder  stated, 
however,  that  under  favorable  con¬ 
ditions  and  with  proper  care,  plants 
will  survive  in  localities  farther 
north  than  the  zone  to  which  they 
are  best  adapted,  but  these  excep¬ 
tions  do  not  change  the  correct  tem¬ 


perature  zone  for  the  plant.  This 
information  is  based  on  observations 
on  varieties  of  multiflora  rose  which 
have  been  in  this  country  nearly 
150  years,  and  on  the  experiments 
of  horticulturists  with  Rosa  multi- 
flora  thunbergiana  which  was  intro¬ 
duced  80  to  90  years  ago  from  Japan 
and  Korea. 

The  boundaries  of  these  tempera¬ 
ture  zones  are  greatly  modified  by 
elevation  and  other  features,  and 
many  times  form  highly  irregular 
curves  northward.  For  example,  in 
the  northwestern  corner  of  Illinois, 
due  to  the  Mississippi  River  Valley, 
the  average  annual  minimum  tem¬ 
perature  is  about  the  same  as  that 
found  in  north  central  Illinois  in 
the  vicinity  of  LaSalle.  Much  the 
same  situation  occurs  along  the  Illi¬ 
nois  River  Valley.  These  fluctua¬ 
tions  mean  that  satisfactory  plant¬ 
ings  may  occur  considerably  farther 
north  in  some  localities  than  in 
others.  As  the  result  of  modifica¬ 
tions  of  temperatures,  the  length 
of  growing  seasons  likewise  may  be 
longer.  A  longer  growing  season 
means  plants  better  prepared  to 
withstand  extremes  of  winter. 

Several  plantings  6  to  10  years 
of  age  in  zone  IV  were  observed  in 
Iowa;  most  of  them  revealed  the 
effects  of  winter  injury.  A  seven- 
year  old  planting,  located  at  the 
base  of  a  long  southwest  slope  in 
the  southeastern  part  of  the  state 
and  several  miles  north  of  zone  V, 
winter  killed  in  1946-47.  Cold  air 
drainage  resulting  from  a  sharp  tem¬ 
perature  drop  was  believed  respon¬ 
sible  ;  bicolor  lespedeza,  Lespedeza 
bicolor,  which  is  more  susceptible 
to  cold  winters,  located  at  the  crown 
of  the  same  slope  showed  no  injury. 
Two  similarly  aged  plantings  on  a 
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level  site  15  miles  southeast  had  no 
winter  injury  and  showed  excellent 
growth.  Horticultural  plantings  at 
the  soil  conservation  nursery  at 
Ames,  Iowa,  suffered  considerable 
injury,  and  the  growth  was  not  suit¬ 
able  for  livestock  barriers.  Plant¬ 
ings  in  northwest  Iowa  (zone  III) 
suffered  from  repeated  winter  kill, 
and  the  species  indicated  little  prom¬ 
ise  as  a  suitable  livestock  fence  for 
that  part  of  the  state.  In  all  plant¬ 
ings  affected  by  climatic  factors,  the 
value  for  wildlife  did  not  appear  to 
be  greatly  impaired,  for  the  old 
brambles  remained  intact  with  new 
canes  growing  up  through  them. 

Evidence  of  winter  kill  of  multi¬ 
flora  rose  in  Illinois  was  observed 
in  Union,  Pope,  Williamson,  Jack- 
son,  Randolph,  Perry,  Fayette,  Ma¬ 
coupin,  Sangamon,  Mason,  Warren, 
Knox,  Whiteside,  Lee,  Jo  Daviess, 
McHenry,  and  Lake  counties.  It 
was  most  prevalent  (73%)  in  plant¬ 
ings  in  northern  Illinois.  All  canes 
of  three  plantings  between  12  and 
14  years  of  age  winter  killed  during 
1951-52  in  southern  Illinois,  whereas 
younger  plantings  showed  little  evi¬ 
dence  of  any  loss. 

Although  winter  killing  did  not 
decrease  the  value  of  the  rose  as  a 
wildlife  cover,  and  in  many  cases 
did  not  affect  its  use  as  a  living 
fence,  many  farmers  (83.5%)  ex¬ 
pressed  dissatisfaction  when  the 
dead  canes  were  observed.  They 
were  not  greatly  impressed  with  the 
fact  that  new  canes  resulted  in  a 
thicker  growth  and  formed  a  more 
impenetrable  barrier.  Their  com¬ 
mon  reply  was  that  such  informa¬ 
tion  had  not  been  provided;  in  fact, 
in  most  cases  they  reported  being 
informed  that  the  rose  did  not  suffer 


from  cold  weather.  Such  an  impres¬ 
sion  was  provided  by  Steavenson 
(1947:  4)  when  he  stated — “It  is 
climatically  adapted  to  much,  if  not 
most,  of  the  farming  areas  of  the 
United  States.” 

Spreading  of  tpie  Rose 

During  the  initial  program  of  pro¬ 
motion  of  the  rose  emphasis  was 
placed  on  the  fact  that  this  rose 
would  not  spread  or  become  a  nui¬ 
sance  (Burgess,  1948;  Steavenson, 
1948 ;  Campbell,  1948 ;  Anderson, 
1948;  Edminister  and  May,  1951). 
Much  evidence,  however,  indicated 
that  it  does  spread  under  certain 
conditions.  Those  who  have  worked 
for  several  years  with  multiflora 
rose  as  an  understock  for  grafting 
of  garden  roses  recognized  its  sturdy 
and  rampant  growth  (Blackburn, 
1951;  Scofield,  1951).  Blackburn 
(1951)  stated  that  plants  reached 
a  height  of  five  to  seven  feet  in  about 
four  years  and  then  arched  out  at 
the  sides  with  lateral  growth  sur¬ 
passing  the  height.  Natural  spread 
of  branches  was  then  augmented  by 
a  few  suckers  and  numerous  layers, 
resulting  in  an  impenetrable  thicket 
from  a  single  plant.  It  was  his 
opinion  that  one  should  consider 
with  care  before  planting  multiflora 
which  is  to  be  left  more  or  less  un¬ 
attended.  Rosene  (1950)  suggested 
need  of  control,  if  the  rose  was  to 
be  kept  from  taking  over  idle  land 
and  unimproved  pastures  in  the 
southeast.  Considerable  emphasis 
has  been  placed  on  control  of  the 
plant  in  the  east  and  northeast 
(Dickey,  1951;  Crooks,  1952;  Lloyd 
and  May,  1953).  All  data,  how¬ 
ever,  appeared  to  indicate  a  prob¬ 
lem  only  where  idle  or  poorly  man- 
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aged  land  was  adjacent  to  the  plant¬ 
ings. 

During  this  study  spreading  was 
observed  to  result  principally  from 
seeds  and  layering ;  however,  a  few 
instances  of  suckering  were  noted. 
Rodents,  birds,  and  water  were  prob¬ 
ably  responsible  for  most  of  the  seed 
distribution,  for  new  plants  were 
most  common  where  mouse  activity 
was  common,  near  roosting  and  rest¬ 
ing  sites  for  birds,  and  in  natural 
drainageways.  Evidences  of  layer¬ 
ing  were  observed  in  92%  of  all 
plants  4  to  5  years  or  older  which 
were  investigated,  regardless  of  the 
planting  site.  Layering  was  most 
evident  when  the  rose  was  growing 
on  light  sandy  and  heavy  humus 
soils,  possibly  because  of  less  com¬ 
petition  in  the  former  sites  and  a 
more  luxuriant  growth  in  the  latter. 
One  planting  on  a  sandy  soil  showed 
an  average  of  7  to  8  new  plants  for 
each  15  linear  feet  of  hedge.  Some 
of  these  plants  were  five  feet  from 
the  original  row.  Much  of  the  lay¬ 
ering  had  resulted  from  lateral 
branches  touching  the  ground  and 
taking  root,  a  situation  which 
Steavenson  (1946)  reported  as  not 
occurring.  However,  several  in¬ 
stances  Avere  observed  to  have  result¬ 
ed  from  plowing  under  the  tips  of 
branches  and  from  wheels  of  farm 
machines  which  pressed  branches 
into  the  soil.  Also,  new  plants  were 
noted  where  cattle  had  trampled 
branches  into  the  soil.  As  the  re¬ 
sult  of  continued  layering,  plant¬ 
ings  will  increase  in  width  and  only 
intensive  cultivation  or  special  con¬ 
trol  measures  can  prohibit  this 
spread. 

New  plants  resulting  from  seeds 
were  noted  largely  in  idle  areas  and 
poorly  managed  pastures.  Although 


observed  in  both  Iowa  and  Illinois, 
this  problem  is  most  serious  on  the 
Crab  Orchard  National  Wildlife 
Refuge,  Carterville,  Illinois.  Here 
volunteer  rose  is  to  be  found  almost 
anywhere  in  the  general  area  of 
plantings  established  during  the  ini¬ 
tial  reclamation  of  the  refuge  area. 
It  is  evident  that  many  plants  come 
from  seeds  which  were  waterborne 
in  natural  waterways.  However, 
most  new  plants  are  probably  the 
result  of  bird  or  rodent  transporta¬ 
tion  because  of  location  of  the  grow¬ 
ing  site. 

A  growth  habit  of  the  rose  which 
may  become  undesirable  is  its 
“climbing”  habit  when  adjacent  to 
other  shrubs  or  small  trees.  There 
are  several  instances  of  multiflora 
rose  actually  producing  long  slender 
canes  like  typical  “ramblers”  or 
“climbers”.  In  two  extreme  in¬ 
stances,  canes  reached  a  height  of 
19.5  feet.  From  one  cane  extending 
along  the  ground  as  many  as  six 
new  plants  have  been  noted. 

Three  instances  of  spreading  from 
seed  were  observed  in  a  mowed  pas¬ 
ture  in  Lee  County  in  north  central 
Illinois.  After  two  yearly  mowings 
in  one  area  the  number  of  canes  on 
each  plant  increased  considerably 
and  it  is  doubtful  that  a  mower 
could  continue  to  sever  the  thick 
clump  which  appeared  to  be  develop¬ 
ing.  It  has  been  noted  (Baskett, 
1953)  that  such  clipping  appears 
beneficial  to  the  rose,  as  it  increases 
the  number  of  canes  per  plant. 
Therefore,  mowing  in  the  long  run 
can  probably  be  only  a  temporary 
measure  of  control.  Once  a  plant 
reaches  four  to  five  years  in  age,  a 
conventional  mower  might  be  useless 
(Blackburn,  1951).  Fire  as  a  con¬ 
trol  tool  appears  limited  and  is  not 
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generally  accepted.  A  flash  fire  in 
one  planting  observed  did  nothing 
but  kill  that  part  above  ground. 
Doubtlessly  some  weed  chemicals 
would  do  the  job  (Crooks,  1952). 

Although  the  control  of  volunteer 
rose  growth  appears  relatively  sim¬ 
ple  (Crooks,  1952;  Anderson  and 
Edminister,  1954),  it  should  be  re¬ 
membered  that  many  landowners 
were  not  informed  that  control  might 
be  necessary.  Also,  the  extra  time 
and  cost  required  to  control  a  plant¬ 
ing  is  not  readily  acceptable  to 
farmers,  especially  when  in  many  in¬ 
stances  they  were  not  initially  en¬ 
thusiastic  about  planting  the  rose. 
A  single  unpleasant  experience  by 
one  farmer  can  mean  poor  coopera¬ 
tion  from  many  farmers  in  habitat 
improvement.  Several  such  instances 
were  recorded  during  the  course  of 
these  investigations.  Poor  coopera¬ 
tion  often  occurred  despite  the  fact 
that  the  initial  problem  case  was 
usually  the  result  of  poor  farm  man¬ 
agement  such  as  lack  of  weed  mow¬ 
ing,  pasture  renovation,  or  crop  ro¬ 
tation. 

Value  to  Wildlife 

Much  has  been  written  regarding 
the  value  of  multiflora  rose  as  food 
and  cover  for  wildlife,  but  few  if 
any  research  data  are  to  be  found 
(Marshall,  1953).  An  examination 
of  the  available  writings  indicates 
assumptions  based  on  observations 
that  multiflora  looks  as  if  it  has  great 
value  for  wildlife  or  that  while  in 
the  field  certain  birds  and  mammals 
were  seen  in  or  near  rose  plantings 
(Talbert  and  Smith,  1948;  Ander¬ 
son,  1948  ;  Steavenson,  1947  ;  Edmin¬ 
ister  and  May,  1951).  Burgess 
(1948),  reporting  on  farmer  obser¬ 


vations,  stated  that  wildlife  swarms 
into  rose  hedges  and  that  songbirds 
and  quail  feed  on  the  hips  and  make 
extensive  use  of  the  rose  as  cover. 
Wandell  (1948)  found  no  great  evi¬ 
dence  that  pheasant  or  cottontail 
numbers  were  increased  in  an  area 
near  Urban  a,  Illinois.  Johnson 
(1951)  found  pheasants  utilizing  the 
hips  as  food  only  when  nothing  else 
was  provided.  The  birds  showed  no 
evident  serious  effects  after  a  27-day 
rose  diet ;  however,  there  was  not 
a  close  check  on  nutritional  factors. 

Observations  made  in  Illinois  and 
Iowa  indicate  that  use  by  wildlife 
in  winter  is  largely  restricted  to 
those  sites  where  an  adjacent  food 
supply  is  readily  available.  In  sec¬ 
tions  where  native  cover  was  present 
(unpubl.  data)  rose  plantings  yield¬ 
ed  on  the  average  35%  fewer  game 
animals  during  December  1  to 
March  1. 

Multiflora  rose  should  possibly  be 
limited  to  those  regions  of  the  coun- 

trv  where  cover  for  wildlife  is  elimi- 

«/ 

nated  and  where  opportunities  for 
invasion  of  idle  land  are  at  a  mini¬ 
mum.  It  is  conceivable  that  exten¬ 
sive  use  of  the  rose  in  the  prairie 
section  woul  d  materially  reduce 
wind  erosion,  improve  moisture  by 
catching  snow  and  provide  a  fairly 
satisfactory  haven  for  wild  animals. 
In  those  regions  where  agriculture 
is  less  intense  and  natural  succes¬ 
sion  of  woody  vegetation  and  idle 
land  relatively  common,  planting  of 
multiflora  rose  is  believed  not  only 
unwise  but  in  general  unnecessary, 
for  natural  conditions  probably  of¬ 
fer  much  more  for  wildlife.  The 
emphasis  now  being  placed  on  multi¬ 
flora  in  the  south  and  southeast 
might  well  result  in  the  establish¬ 
ment  of  another  nuisance  plant  in 
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those  regions  (Levi,  1952).  The  as¬ 
sumption  that  multiflora  will  answer 
all  the  problems  created  by  the  ad¬ 
vent  of  grassland  farming  is  un¬ 
founded. 
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Description  of  the  Area 

An  ecological  survey  of  lands 
stripped  for  coal  by  the  Truax- 
Traer  Coal  Company  between  1932 
and  1950  was  conducted  from  June 
23  to  August  4,  1954.  This  paper 
summarizes  the  results  of  that  por¬ 
tion  of  the  survey  which  dealt  with 
the  terrestrial  vegetation. 

The  study  tract  is  located  in  Perry 
County,  Illinois,  about  three  and 
one-half  miles  south  of  Pinckney- 
ville  and  one  mile  west  of  Illinois 
Route  13  at  Pyatt.  It  is  roughly  rec¬ 
tangular  and  comprises  about  1829 
acres.  It  is  surrounded  by  similar 
striplands  to  the  north,  east,  and  in 
some  places  to  the  south ;  elsewhere 
to  the  south  and  to  the  west,  the 
study  tract  is  bounded  by  agricul¬ 
tural  lands. 

Elevation  before  stripping  varied 
from  about  412  to  431  feet  above 
mean  sea-level.  Several  intermit¬ 
tent  streams  drained  south  across 
the  tract. 

The  present  topography  of  the 
stripped  lands  is  one  of  alternate 
valleys  and  ridges  known  as  spoil 
banks.  The  spoil  banks  thrown  up 
in  different  years  and  even  during 
different  parts  of  the  same  year  dif¬ 
fer  in  length,  direction,  and  contour. 
Within  each  restricted  period  of 
stripping  (as  January  to  August, 
1936),  the  banks  are  fairly  uniform. 
The  estimated  average  height  of 
spoil  banks  is  20  feet  and  the  esti¬ 


mated  average  slope  about  45  de¬ 
grees.  In  general,  the  tops  of 
ridges  are  more  rounded  in  older 
strippings.  Patches  of  shale,  rock 
outcroppings,  and  exposed  rocks  are 
common  to  all  ages  of  stripped  lands. 
Banks  everywhere  show  evidence  of 
erosion,  and  all  valle}^s  hold  alluvial 
material  which  may  be  either  hue 
and  sandy  or  heavy  and  clayey. 

The  spoil  bank  material,  which 
can  hardly  be  called  soil  (Croxton, 
1928),  is  largely  determined  by  the 
character  of  the  overburden.  Lim- 
strom  and  Deitschman  (1951)  stated 
that  a  generalized  section  of  the 
overburden  in  Perry  County  would 
include,  from  top  to  bottom  the  fol¬ 
lowing:  20  to  25  feet  of  soil,  glacial 
till,  and  loess;  4  to  10  feet  of  hard, 
yellow,  massive  limestone;  10  to  15 
feet  of  calcareous  (sometimes  acid) 
dark  gray  shale ;  2  to  8  feet  of  hard, 
gray,  massive  limestone ;  and  1  inch 
to  10  feet  of  gray,  massive  shale. 
Spoil  bank  material  is  said  to  be 
low  in  organic  matter  and  nitrogen 
but  is  rich  in  many  mineral  nutri¬ 
ents,  especially  potash  and  phos¬ 
phorus.  Transverse  sections  of  spoil 
banks  on  the  study  tract  showed  no 
soil  structure  and  revealed  large 
rocks  at  all  depths. 

Water  bodies  on  the  tract  varied 
from  temporary  pools  a  fraction  of 
an  acre  in  extent  to  lakes  of  15  or 
more  acres.  The  largest  lakes  were 
usually  long  and  narrow  with  steep 
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Fig.  1. — Striplands  in  Perry  County,  Illinois,  about  seven  years  old. 


stripped  during  two  consecutive 
years.  The  nine  areas  represented 
lands  of  the  following  ages  in  years 
subsequent  to  stripping :  4-5,  6-7 
(Fig.  1),  8-9,  10-11,  12-13,  14-15, 
16-17,  18-19,  and  21-22  (Fig.  2). 
In  each  area,  general  observations 
were  made  with  regard  to  the  physi¬ 
ognomy  of  the  vegetation,  topogra¬ 
phy,  erosion,  and  similar  informa¬ 
tion. 

Data  concerning  the  species  com¬ 
position,  density,  and  distribution 
of  the  herbaceous  and  shrubby  vege¬ 
tation  were  obtained  by  quadrat 
sampling.  Several  strip  transects, 
consisting  of  2  to  15  one  square- 


banks  and  represented  the  final  path 
of  mining  equipment  in  each  section. 

Plantings  of  short- leaf  pine 
( Pinus  echinata ),  jack  pine  ( Pinus 
Banksiana ),  black  locust  ( Robinia 
P seudo- Acacia) ,  and  osage  orange 
( Maclura  pomifera )  were  estab¬ 
lished  on  some  sites.  (The  nomen¬ 
clature  here  and  throughout  the 
paper  is  that  of  Fernald,  1950.) 
Where  present,  these  plantings  gen¬ 
erally  formed  dense  thickets  below 
the  volunteer  trees. 

Methods  of  Study 

The  study  tract  was  divided  into 
nine  areas,  each  consisting  of  land 
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meter  quadrats,  were  taken  at  ir¬ 
regularly  spaced  points  in  each 
study  division.  The  numbers  of 
stems  of  each  species  of  plant  were 
determined  for  every  quadrat,  and 
the  quadrat’s  position  relative  to 
spoil  banks  ( i.e whether  on  a  ridge- 
top,  in  a  valley,  or  on  a  northern, 
southern,  eastern,  or  western  slope) 
was  recorded.  In  all,  310  square 
meters  were  examined. 

The  trees  were  studied  by  means 
of  the  random-pair  method  (Cottam 
and  Curtis,  1949).  Distances  be¬ 
tween  the  trees  composing  random 
pairs  were  determined  as  an  index 
of  density,  and  distribution  with  re- 
gard  to  spoil  banks  was  recorded. 
A  total  of  85  random  pairs  was  con¬ 
sidered.  On  several  areas,  ages  of 
trees  were  determined  with  an  in¬ 
crement  borer. 


Soil  samples,  taken  to  a  depth  of 
about  four  inches,  were  obtained  in 
all  areas  except  two.  The  pH  of  the 
samples  was  measured  with  the  La- 
Motte-Morgan  soil  testing  apparatus. 

Composition  of  Striplands 
Vegetation 

A  total  of  105  different  species 
of  plants  was  recorded  in  the  310 
samples.  Included  were  75  herbs, 
20  trees,  6  shrubs,  and  4  vines.  Sixty- 
three  species  were  perennial,  39  an¬ 
nual,  and  3  biennial.  Ninety-one 
species  were  native  to  North  Amer¬ 
ica,  while  14  were  introduced,  ad- 
ventive,  or  naturalized.  Best  rep¬ 
resented  among  the  families  were 
grasses  (Gramineae)  with  16  spe¬ 
cies;  composites  (Compositae),  14 
species;  pulses  (Leguminosae),  9 
species;  and  roses  (Rosaceae),  8  spe- 
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cies.  No  pteridophytes  were  ob¬ 
served  and  bryophytes  appeared  to 
be  uncommon. 

An  analysis  of  the  vegetation  ac- 
cording  to  Raunkaier’s  life  form 
system,  which  is  said  to  offer  a  physi¬ 
ognomic  in  contrast  to  a  floristic 
classification  (Braun-Blanquet, 
1932),  showed  the  plants  of  the  tract 
to  be  predominantly  therophytes, 
phanerophytes,  and  hemicrypto- 
phvtes  (Table  1).  Geophytes  were 
scarce  and  no  chamaephytes  were 
recorded. 

Table  1. — Biological  Spectra  of  Each 
Age  of  Stripped  Land  in  Perry  County, 
Illinois. 


Percentage  in  each  class 


Years  since 
stripped 

Ph1 

H 

G 

Th 

21-22 . 

27 

19 

7 

46 

18-19 . 

23 

27 

10 

40 

16-17 . 

41 

22 

7 

30 

14-15 . 

35 

28 

7 

28 

12-13 . 

32 

27 

6 

35 

10-11 . 

14 

31 

6 

49 

8-9 . 

11 

32 

3.5 

53 

6-7 . 

9 

30 

4 

57 

4-5 . 

6 

19 

6 

69 

All  areas . 

(101  species) 

27 

25 

8 

40 

1  Raunkaier’s  life  forms:  phanerophytes  (Ph)  ; 
hemicrvptophytes  (H)  ;  geophytes  (G)  ;  and  thero¬ 
phytes  (Th).  No  chamaephytes  (Ch)  were  recorded. 


Twenty-two  species  of  herbaceous 
plants  were  considered  characteris¬ 
tic  of  the  tract  (Table  2).  This  num¬ 
ber  included  plants  with  an  average 
abundance  of  more  than  0.2  stems 
per  square  meter,  plants  which  oc¬ 
curred  in  more  than  half  of  the  nine 
study  areas,  and  the  four  most  abun¬ 
dant  species  in  each  of  the  nine 
areas.  White  sweet  clover  ( Melilo - 
tus  alba),  liorse-nettle  ( Solanum 


carolinense) ,  goldenrod  (Solidago 
ulmifolia),  and  common  ragweed 
( Ambrosia  art emisii folia)  were  the 
most  ubiquitous  plants,  occurring  in 
every  area.  The  five  most  numer¬ 
ous  plants  were  Solidago  ulmifolia, 
Melilotus  alba,  cheat  ( Bromus  secali- 
nus),  three-seeded  mercury  (Acaly- 
pha  virginica),  and  aster  ( Aster 
pilosus). 

Of  17  naturally  occurring  trees, 
nine  were  recorded  on  lands  of  more 
than  one  age  class  and  were  con¬ 
sidered  characteristic  of  the  tract 
(Table  3).  The  most  numerous  of 
these,  based  upon  average  percent¬ 
age  frequency  in  random  pairs,  were 
cottonwood  (P  op  ulus  cleltoides), 
sycamore  ( Platanus  occidentalis) , 
American  elm  ( TJlmus  americana), 
sandbar  willow  ( Salix  interior),  and 
box-elder  ( Acer  negunclo) .  Only 
Populus  deltoides  occurred  in  all 
areas. 

Of  the  shrubs,  only  brambles 
(Bub us  flagellaris  and  R.  frondosus) 
were  considered  numerically  impor¬ 
tant.  They  were  present  in  all  strip¬ 
pings  more  than  eight  years  old. 
Small  thickets  of  smooth  sumac 
(Blius  glabra),  shining  sumac  (Rhus 
copallina),  rough-leaved  dogwood 
(Cornus  drummondi),  and  plum 
(Prunus  sp.)  occurred  in  the  older 
strippings.  The  vines,  poison  ivy 
(Rhus  radicans),  pigeon-grape  (Vi- 
tis  cinerea),  Virginia  creeper  (Par- 
thenocissus  quinquef olia) ,  and  trum¬ 
pet  creeper  (Campsis  radicans), 
also  formed  small  patches  in  the 
earlier  strippings. 

Changes  Associated  With  Age 
of  Stripping 

The  number  of  species  found  in 
samples,  the  average  density  of 
stems  of  herbaceous  vegetation,  and 


Table  2. — Mean  Abundance  of  Characteristic  Herbs  for  each  Age  of  Stripped  Land  (Stems  Per  Square  Meter). 
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the  tree  density  (based  on  average 
distances  between  trees  of  random 
pairs)  varied  from  area  to  area.  In 
none  of  the  three  cases,  however, 
was  there  any  noticeable  pattern 
with  respect  to  age  of  stripping. 
There  appeared  to  be  an  inverse  re¬ 
lationship  between  density  of  herb¬ 
aceous  vegetation  and  tree  density. 

The  lack  of  correspondence  be¬ 
tween  age  of  stripping  and  tree  den¬ 
sity  (Table  4)  suggests  that  in  a 
given  area  there  were  no  important 
changes  in  tree  density  subsequent 
to  the  initial  establishment  of  trees. 
The  fact  that  trees  in  any  single 
study  area  were  the  same  age,  with¬ 
in  two  or  three  years,  seems  to  sup¬ 
port  this  view.  Original  density 
was  probably  due  to  local  factors, 
such  as  soil  and  soil  moisture,  as 
well  as  to  the  proximity  of  other 
vegetation. 

Certain  other  features  did  exhibit 
a  correspondence  with  increasing 
age  of  stripped  land.  Among  these 
features  were  increasing  size  and 
age  of  trees ;  for  example,  the  cotton¬ 
woods  of  the  latest  strippings  were 
less  than  5  cm.  in  diameter  at  breast 


Table  4. — Distances  Between  Trees  of 
Random  Pairs  for  Each  Age  of  Stripped 
Land. 


Distance  in  meters 

Years  since  stripped 

Mean 

Range 

21-22 . 

33 

8-108 

18-19 . 

23 

8-37 

16-17 . 

17 

1.5-60 

14-15 . 

45 

21-80 

12-13 . 

20 

4-50 

10-11 . 

20 

8-30 

8-9 . 

16 

11-20 

6-7 . 

31 

7-72 

4-5 . 

24 

13-42 

height  (d.b.li.)  and  averaged  about 
8  feet  in  height  whereas  those  of 
the  earliest  strippings  averaged  be¬ 
tween  20  and  30  cm.  d.b.li.  and  were 
about  65  feet  tall.  The  age  at  breast 
height  was  4-5  years  in  strippings 
6-7  years  old  and  14-15  years  in 
strippings  18-19  years  old.  Other 
species  showed  a  similar  trend. 

In  general,  the  number  of  species 
of  tree  increased  with  increasing  age 
of  the  land.  Populus  deltoides  and 
Salix  interior  were  the  only  species 
which  occurred  in  samples  from 
strippings  less  than  seven  years  old. 
In  somewhat  older  strippings,  Pla¬ 
tonics  occidentals,  TJlmus  americana, 
Limits  rubra ,  and  Acer  negundo 
were  encountered  fairly  frequently, 
and  in  land  from  16-22  years  old, 
silver  maple  ( Acer  saccharinum) 
and  persimmon  ( Diospyros  virgini- 
ana)  were  found.  There  was  some 
evidence  that  this  situation  was  at 
least  partly  a  result  of  the  decreas¬ 
ing  amount  of  natural  vegetation 
within  dispersal  range  of  stripped 
areas  as  mining  in  the  vicinity  pro¬ 
gressed.  Soil  conditions  and  water 
relationships  may  also  have  been 
important,  for  the  greatest  number 
of  species  occurred  in  an  area  of 
intermediate  age  which  appeared  to 
be  the  wettest  portion  of  the  study 
tract. 

An  increase  in  the  number  of 
perennial  species  appeared  to  be 
correlated  with  increased  age  of 
stripped  land,  as  did  a  decrease  in 
the  number  of  annual  species.  An 
index  of  the  relative  proportions  of 
perennials  and  annuals  may  be  ob¬ 
tained  by  assigning  a  value  of  plus 
one  to  each  perennial  species  and 
minus  one  to  each  annual  species 
and  adding  the  resulting  figures. 
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The  indices  of  perennials  to  annuals 
for  the  nine  areas  of  the  tract,  in 
order  of  increasing  age,  are  as  fol¬ 
lows  :  —7,  +1,  0,  +2,  +13,  +12, 
+12,  +10,  +13. 

The  abundance  of  certain  plants 
showed  definite  relationships  to  the 
age  of  strippings.  Melilotus  alba 
became  more  abundant  on  the  older 
spoils.  Its  success  was  probably  due 
to  its  rapid  growth  habit  during 
the  spring,  when  moisture  is  most 
abundant,  its  preference  for  alkaline 
soils,  and  the  fact  that,  being  a 
legume,  it  is  not  adversely  affected 
by  nitrogen  deficiencies.  Acalypha 
virginica,  a  small  plant  generally 
found  in  shade,  also  showed  in¬ 
creased  abundance  in  the  older 
strippings,  while  the  reverse  was 
true  of  Strophostyles  leiosperma 
which  requires  direct  sunlight.  In¬ 
creasing  shade  was  probably  the 
most  important  factor  in  both  cases. 
The  pattern  exhibited  by  the  annual 
grasses,  most  of  which  reached  a 
peak  abundance  in  the  strippings  of 
intermediate  age  and  then  declined, 
is  less  easily  explained.  Shade,  com¬ 
petition  for  moisture  and  local 


physiographic  and  edaphic  factors 
may  have  been  important. 

When  stripped  land  of  the  various 
age  classes  was  analyzed  according 
to  Raunkaier’s  life  form  system,  the 
spectra  showed  considerable  varia¬ 
tion  (Table  1).  The  relative  per¬ 
centages  of  therophytes  and  phaner- 
ophytes  showed  an  inverse  relation¬ 
ship  for  most  ages  of  strippings, 
with  the  largest  numbers  of  thero¬ 
phytes  occurring  in  the  latest  strip¬ 
pings  and  the  largest  numbers  of 
phanerophytes  in  strippings  of  in¬ 
termediate  age.  These  variations  are 
reflected  to  some  extent  in  the  ratio 
of  annuals  to  perennials.  The  per¬ 
centages  of  hemicryptophvtes  and 
geophytes  showed  minor  fluctua¬ 
tions. 

Relationship  of  Vegetation  to 
Topography 

Fifty-two  percent  of  all  trees  oc¬ 
curred  either  on  ridgetops  or  in  val¬ 
leys  while  48%  occurred  on  slopes 
of  all  exposures  (Table  5).  It  is 
important  to  note  that  the  combined 
areas  of  the  slopes  made  up  about 
80%  of  the  tract,  whereas  the  ridge- 


Table  5. — Distribution  of  Some  Trees  With  Regard  to  Position  on  Spoil  Banks 

(Percentage  of  each  species). 


Species 

Site 

Valley 

Ridgetop 

Slope  exposure 

North 

South 

East 

West 

Unspecified 

Populus  deltoides . 

29 

26 

9 

5 

13 

13 

5 

Salix  interior . 

67 

11 

11 

11 

Ulmus  americanus . 

9 

18 

37 

9 

27 

Platanus  occidentalis .  .  . 

40 

40 

20 

Other  trees . 

18 

27.5 

9 

27.5 

18 

All  trees . 

28 

24 

13 

5.5 

11 

12 

6.5 

Table  6. — Mean  Abundance  of  Characteristic  Herbs  with  Relation  to  Spoil  Banks  ( Stems  Per  Square  Meter ) . 
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tops  and  valleys  each  totaled  only 
about  10%.  Fifty-two  percent  of  all 
trees,  then,  were  found  on  20%  of 
the  total  area. 

This  hyperdispersion  was  particu¬ 
larly  noticeable  in  the  case  of  Salix 

«/ 

interior.  Two-thirds  of  all  individ¬ 
uals  of  this  species  occurred  in  val¬ 
leys,  probably  because  of  increased 
moisture  on  these  sites.  Popnlus 
deltoides  occurred  everywhere,  but 
the  greatest  numbers  were  on  valleys 
and  ridgetops.  The  fewest  were 
found  on  south  slopes.  The  favor¬ 
able  soil  and  moisture  conditions  of 
valleys  and  the  fact  that  ridgetops 
are  the  highest  points  on  the  strip- 
lands,  and  as  a  consequence  receive 
a  large  percentage  of  windblown 
seeds,  are  believed  to  be  important 
factors  in  determining  the  distribu¬ 
tion  of  cottonwoods  as  well  as  other 
trees.  The  relative  instability  of 
the  slopes  may  also  be'  of  importance. 
The  sparseness  of  tree  growth  on 
south  slopes  is  probably  a  result  of 
the  xeric  conditions  which  exist 
there. 

The  herbaceous  and  shrubby  vege¬ 
tation  (Table  6)  showed  a  somewhat 
similar  distribution,  probably  for 
the  same  reasons.  Densest  growths 
were  in  valleys  and  on  ridgetops. 
Fairly  high  densities  were  also  re¬ 
corded  for  east-  and  south-facing 
slopes.  These  were  the  slopes  that 
held  the  lowest  densities  of  trees; 
consequently  shading  and  competi¬ 
tion  for  moisture  might  not  have 
been  particularly  severe. 

Certain  other  species  and  groups 
of  species  showed  more  or  less  defi¬ 
nite  trends  with  regard  to  topogra¬ 
phy.  The  grasses  seemed  to  occur 
predominantly  on  south,  east,  and 
west  slopes,  or  in  valleys.  The 


shrubs  also  appeared  to  be  more 
abundant  in  valleys  and  on  slopes. 
American  Germander  ( Teucrium 
canadense)  seemed  almost  restricted 
to  shaley  slopes  and  ridgetops. 
Mel  dot  as  alba  was  most  abundant 
on  ridgetops  and  on  south  and  west 
slopes. 

Relationships  of  Vegetation  to 
FIydronium  Ion  (H30+) 
Activity 

Croxton  (1928)  stated  that  oc¬ 
currence  of  vegetation  on  striplands 
is  often  correlated  with  soil  acidity, 
dense  vegetation  occurring  on  neu¬ 
tral  to  slightly  alkaline  areas  and 
no  vegetation  occurring  on  areas  of 
pH  less  than  4.5.  He  believed  that 
succession  was  largely  “allogenic” 
rather  than  “phytogenic.” 

On  Perry  County  striplands,  de¬ 
termination  of  hydronium  ion  ac¬ 
tivity  gave  pH  values  of  4.6  to  7.8 
(Table  7).  The  reading  of  4.6  was 
from  a  large  bare  area.  Other  areas 
lacking  vegetation  gave  values  from 
7.0  to  7.4.  There  appeared  to  be 
a  trend  toward  higher  acidity  from 
slopes  to  ridgetops  to  valleys  and 
from  older  to  newer  strippings.  The 
differences  were  slight,  however,  and, 
considering  the  small  number  of 


Table  7. — pH  Determinations  for 
Stripped  Land  of  Seven  Ages. 


Years  since  stripped 

No.  of 
samples 

Range 

21-22 . 

4 

7.4-7. 6 

18-19 . 

4 

6.4-7. 8 

16-17 . 

4 

4.6-7. 4 

14-15 . 

5 

7. 4-7. 6 

12-13 . 

6 

6. 0-7. 6 

10-1 1 . 

7 

7.0-7. 6 

8-9 . 

5 

6.8-7. 6 

Vegetation  of  Stripmined  Land 
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samples,  could  have  been  due  to 

chance.  Melilotus  alba ,  which  Crox- 

ton  believed  to  be  restricted  mainly 

«/ 

to  neutral  and  alkaline  areas,  oc¬ 
curred  in  quadrats  with  pH  values 
of  from  6.4  to  7.6. 

Similarities  of  the  Perry  County 
Striplands  to  Other  Areas 

Striplands  in  central  Illinois  (Ver¬ 
million  County)  described  by  Crox- 
ton  (1928)  apparently  bear  consid¬ 
erable  resemblance,  both  floristically 
and  vegetationally,  to  the  tract  un¬ 
der  discussion.  The  differences  in 
species  composition  and  changes  as¬ 
sociated  with  age  appear  to  be  main¬ 
ly  a  result  of  the  larger  and  more 
frequent  acid  areas  found  on  the 
central  Illinois  strippings,  the  pres¬ 
ence  of  more  moisture  there,  and 
phyto-geographical  factors. 

The  younger  Vermillion  County 
strippings  described  by  McDougall 
(1925)  also  resemble  the  Perry 
County  striplands,  but  apparently 
this  is  not  true  of  some  of  the  older 
ones.  Stripped  areas  over  25  years 
old,  according  to  McDougall,  sup¬ 
port  typical  bottomland  forest.  How¬ 
ever,  Croxton  (1928)  has  shown  that 
McDougall ’s  work  was  done  on  low 
moist  areas  which  were  subject  to 
flooding  and  deposition  of  silt  and 
water  -  dispersed  disseminules.  In 
southern  Illinois,  floodplain  areas 
and  large  sandbars  often  support 
communities  similar  floristically  to 
the  study  tract.  The  stand  is  always 
thick  at  first  and  thinning  occurs 
rapidly.  Characteristic  bottomland 
trees  such  as  sweet  gum  ( Liquidam - 
bar  styraciflua) ,  TJlmus  americana , 
Plat  anus  occielent  alis ,  pin  oak 
( Quercus  palustris ),  Acer  sacchari- 
num,  and  hackberry  ( Celtis  occiden- 


talis)  are  soon  dominant.  This  is 
in  contrast  to  the  Perry  County 
striplands  where  trees  are  very 
widely  spaced,  from  the  most  recent 
to  the  oldest  strippings,  and  only  a 
few  bottomland  trees  are  found.  No¬ 
where  is  there  the  tangled  growth 
of  Vitis  and  Smilax  characteristic 
of  bottomland  woods  in  southern 
Illinois. 

Other  communities  to  which  the 
striplands  bear  some  resemblance 
floristically  are  the  Salix-Populus 
community  of  artificially  bared 
ground  in  northern  Illinois  (Beech¬ 
er,  1942)  and  certain  serai  stages 
of  large  areas  of  sand-dunes.  The 
similarities  between  the  striplands 
and  all  of  these  areas  appear  to  re¬ 
sult  from  the  fact  that  only  species 
whose  propagules  are  wind  dispersed 
and  which  are  capable  of  making 
rapid  growth  under  fairly  harsh  con¬ 
ditions  are  likely  to  become  immedi¬ 
ately  established  in  any  of  them. 
Certain  dissimilarities  are  due  to 
soil  conditions  (best  in  river  bot¬ 
toms,  worst  in  sandy  areas  and  the 
striplands)  and  availability  of  mois¬ 
ture  (perhaps  least  ou  southern  Illi¬ 
nois  striplands).  Other  dissimilari¬ 
ties  result  from  the  migration  of 
additional  species  into  these  areas. 
On  floodplains,  this  is  rapid  because 
of  the  relatively  rich  soil,  the  prox¬ 
imity  of  other  vegetation,  and  the 
distribution  of  water-dispersed  prop¬ 
agules  by  rivers  and  streams.  On 
the  striplands,  the  process  may  be 
slow  because  of  the  character  of  the 
spoil  bank  material  and  the  lack  of 
adjacent  vegetated  areas  (if  the 
stripped  area  is  large). 

Since  the  biological  spectrum  of 
Raunkaier  measures  the  kind  and 
amount  of  protection  given  the  per- 
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ennating  structures  of  plants,  it 
offers  a  means  of  comparing  the 
vegetational  features  and  also  pre¬ 
sumably  the  conditions  of  life  of 
various  areas.  Although  the  spec¬ 
trum  of  the  striplands  resembles  the 
spectra  of  some  desert  areas  in  its 
disproportionately  large  percentage 
of  therophytes,  in  other  ways  it  is 
very  dissimilar.  It  differs  from  the 
spectra  of  forest  areas  in  having 
relatively  great  numbers  of  thero¬ 
phytes  and  small  numbers  of  geo- 
pliytes.  The  aspen  community  of 
Michigan  (Gates,  1930)  presents 
some  similarities,  but  application  of 
the  chi-square  test  shows  the  differ¬ 
ences  to  be  highly  significant.  About 
all  that  can  be  stated  is  that  the 
spectrum  of  the  study  tract  does 
not  resemble  closely  any  published 
spectrum. 
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AQUATIC  AND  MARGINAL  VEGETATION  OF  STRIP 
MINE  WATERS  IN  SOUTHERN  ILLINOIS 

ROGER  BELL 

Southern  Illinois  University,  Carbonclale 


Introduction 

Mining  coal  by  the  stripping  pro¬ 
cess  destroys  the  original  land  sur¬ 
face  and  leaves  a  waste  area  char¬ 
acterized  by  parallel  rows  of  spoil 
banks  10  to  30  feet  high  intermingled 
with  pools  of  water  ranging  in  size 
from  a  fraction  of  an  acre  to  16 
acres.  This  surface  water  consti¬ 
tutes  between  5  and  10%  of  the 
total  stripped  acreage  on  the  5  areas 
of  study  in  Jackson,  Williamson, 
and  Perry  counties.  The  52  pools 
studied  represent  a  relatively  small 
sample  from  the  approximately  22,- 
000  acres  of  stripped  land  in  south¬ 
ern  Illinois. 

Aside  from  the  ecological  signifi¬ 
cance  of  the  revegetation  of  an 
artifically  denuded  site  possessing 
unusual  edapliic  characters  and  im¬ 
posing  an  extreme  migration  handi¬ 
cap,  the  purpose  of  this  study  was 
to  increase  the  knowledge  concern¬ 
ing  these  areas,  thereby  facilitating 
future  management. 

General  Description  of  Area 

The  overburden  of  the  coal  seam, 
which  is  scooped  from  a  narrow  strip 
and  deposited  to  the  side  to  form 
the  spoil,  is  primarily  composed  of 
calcareous  shales  and  soil-sized  par¬ 
ticles.  However,  a  slate  stratum  im¬ 
mediately  overlying  the  coal  seam 
contains  quantities  of  sulfur  and 
pyrites  which  upon  oxidation  and 
hydrolysis  are  a  source  of  mineral 


acids.  Unequal  mixing  of  the  vari¬ 
ous  strata  results  in  a  wide  range  of 
pH  values  for  the  spoils  and  for 
the  pools  of  water  below.  The  in¬ 
tense  erosion  which  occurs  on  the 
40-  to  60-degree  slopes  produces  a 
narrow,  mucky  shelf  around  the 
perimeter  of  the  pool.  This  heavy 
runoff  carries  into  the  pools  calcium, 
magnesium,  and  sodium  sulphates 
produced  by  the  decomposing  spoils 
which  impart  salinities  of  200  to 
4,000  parts  per  million.  Eventually, 
volunteer  growths  of  cottonwood 
( Popnlus  deltoides) ,  sweet  clover 
( Melilotus  spp.),  wild  lettuce  (Lac- 
tuca  scariola),  cheat  (Bromus  spp.), 
goldenrod  ( Solidago  spp.),  and  aster 
(Aster  spp.)  stabilize  the  spoils. 
(A  record  of  each  identification  has 
been  deposited  in  the  Southern  Illi¬ 
nois  University  herbarium,  and  the 
nomenclature  follows  Jones,  1950). 

Effect  of  Hydrogen  Ion 
Concentration 

While  the  hydrogen  ion  concen¬ 
tration  at  values  below  4.0  may  in 
itself  limit  plant  growth,  the  major 
function  of  this  value  is  as  an  indi¬ 
cator  of  the  behavior  of  certain  es¬ 
sential  minerals.  Above  the  mid¬ 
point  of  the  pH  scale,  cations  such 
as  calcium,  magnesium,  and  potas¬ 
sium  are  more  readily  absorbed.  As 
it  facilitates  anion  exchange,  the 
slightly  acid  medium  is  considered 
optimum  for  plant  growth  on  soils, 


[85] 


Table  1  —  Plant  Distribution  Correlated  with  Physico-chemical  Characteristics  of  Strip  Mine  Waters  in  Southern  Illinois. 
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but  waters  are  generally  most  pro¬ 
ductive  when  moderately  alkaline. 

The  majority  of  the  water  areas 
studied  exhibited  pH  values  between 
6.0  and  8.0  and  were  characterized 
by  dense  growths  of  narrow-leaved 
pondweed  ( Potamogeton  foliosus ) 
on  the  shallow  alluvial  shelf.  A 
common  associate  of  the  narrow- 
leaved  pondweed  at  pH  values  be¬ 
tween  7.0  and  8.0  was  stonewort 
( Chara  spp.)  also  in  a  very  profuse 
growth.  At  pH  6.6  the  aquatic 
vegetation  was  much  less  dense,  as 
indicated  bv  the  widelv  spaced  in- 
dividuals  of  floating-leaved  pond¬ 
weed  ( Potamogeton  americanus) 
which  is  slightly  more  tolerant  to 
acidity  than  the  narrow-leaved  pond¬ 
weed.  Only  emergent  species  oc¬ 
curred  in  waters  with  pH  values 
below  6.4  (Table  1). 

Effect  of  Changing  Water  Levels 

Instability  of  the  water  table  char¬ 
acterized  even  the  large  lakes  which 
exhibited  a  recession  of  one  to  two 
feet  during  the  dry  summer.  In  some 
of  the  smaller  ponds  the  water 
levels  dropped  as  much  as  eight  feet. 
These  extreme  fluctuations  resulted 
from  the  restricted  size  of  the  water¬ 
shed,  the  absence  of  an  overflow,  the 
lateral  movement  of  subsurface 
water  through  the  porous  spoils,  and 
the  normally  high  rainfall  in  the 
spring  coupled  with  a  hot  dry  sum¬ 
mer. 

Rise  or  fall  of  the  water  level  early 
in  the  growing  season  appeared  det¬ 
rimental  to  the  zone  of  willows 
( Salix  niger,  S.  interior,  and  8.  amy- 
galoides )  which  occurred  immedi¬ 
ately  above  the  shoreline  border  of 
broad-leaved  cattail  ( Typha  lati- 
folia).  This  area  would  then  be  oc¬ 


cupied  by  broomsedge  ( Andropogon 
virginicus)  which  withstood  early 
spring  submergence.  Fluctuations 
of  the  magnitude  of  three  feet  were 
beyond  the  wide  tolerance  limit  of 
cattail  and  favored  the  development 
of  moist  soil  annuals  on  the  barren 
recession  zone,  while  the  winter  pool 
level  was  usually  marked  by  plants 
more  typical  of  the  upper  slopes, 
such  as  sweet  clover. 

Wild  millet  ( Echinochloa  crus- 
galli)  was  the  most  frequently  en¬ 
countered  of  these  moist  soil  annuals. 
Having  the  ability  to  adapt  its 
growth  period  to  the  duration  and 
seasonal  interval  of  favorable  mois¬ 
ture  conditions,  it  was  found  in  all 
stages  of  growth  throughout  June, 
July,  and  August.  Largeseed  smart- 
weed  ( Polygonum  pennsylvanicum ) 
and  straw-colored  sedge  ( Cy perns 
ferruginescens)  were  less  common 
on  these  exposed  shores,  seemingly 
being  dependent  for  their  establish¬ 
ment  upon  a  recession  of  the  water 
during  April  or  May.  Scattered  in¬ 
dividuals  of  red  loosestrife  (4m- 
rnania  coccinea)  occurred  in  the  late 
summer  recession  zone  on  five  sites. 

Rice  cutgrass  ( Leersia  oryzoides ) 
was  associated  with  open  stands  of 
cattail  and  indicated  a  stable  water 
level  throughout  the  growing  season. 

Effect  of  Salinity 

The  high  mineral  concentrations 
of  these  waters  do  not  necessarily 
influence  the  floristics,  although  the 
three  most  productive  and  frequent¬ 
ly  encountered  hydrophytes,  Typha 
latifolia,  Chara  spp.,  and  Potamoge¬ 
ton  foliosus,  are  reported  by  McAtee 
(1939)  to  tolerate  salinities  of  2,500 
parts  per  million.  The  close  corre¬ 
lation  between  salt  concentration 
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and  plant  distribution  in  coastal 
areas  is  attributed  to  sodium  chlo¬ 
ride  as  the  major  constituent  of  sea 
water.  A  particular  group  of  plants, 
the  halophytes,  are  able  to  incor¬ 
porate  this  substance  in  their  cyto¬ 
plasm  while  other  plants  exclude 
this  salt  and  are  inhibited  by  this 
osmotically  active  material  which  in- 
terferes  with  the  uptake  of  water. 
Any  injurious  effects  of  the  high 
salt  concentrations  in  the  study  pools 
would  ionize  within  the  plant  cell 
as  the  major  salts,  calcium  and  mag¬ 
nesium  sulphates,  are  secondary 
plant  nutrients  and  are  readily  ab¬ 
sorbed.  In  strip  mine  lakes  pos¬ 
sessing  normally  high  specific  con¬ 
ductances  of  2,000  to  3,000  recipro¬ 
cal  megaohms  (at  25°C.),  water 
primrose  (Jussiaea  diffusa)  made 
poor  vegetative  growth  but  grew 
luxuriantly  at  a  value  of  300  re¬ 
ciprocal  megaohms  which  is  approxi¬ 
mately  that  of  naturally  occurring 
bodies  of  fresh  water.  An  intoler¬ 
ance  to  high  salinity  was  also  re¬ 
flected  by  the  leaf  size  of  American 
lotus  (. Nelumbo  lutea),  which  aver¬ 
aged  one-third  normal  size  in  these 
salty  lakes. 

Effect  of  Dissolved  Oxygen 

Lewis  and  Peters  (1954)  found 
high  dissolved  oxygen  values  (8  to 
15  ppm.)  in  both  the  epilimnion 
and  the  hypolimnion  of  strip  mine 
waters  in  southern  Illinois.  They 
attributed  this  condition  to  infertile 
waters  with  a  low  biochemical  oxy¬ 
gen  demand  and  clear  water  which 
permitted  photosynthesis  in  the  ther- 
mocline.  Laing  (1941)  found  that 
Typha  and  Scirpus  shoots  grew  best 
in  an  atmosphere  of  5  to  10%  oxy¬ 
gen,  whereas  Nuphar,  Peltandra , 


and  Pontederia  were  much  less  tol¬ 
erant  to  aeration.  He  concluded 
that  semi-submerged  plants  inhabit 
a  particular  habitat  on  the  basis  of 
oxygen  requirements  for  respiration 
and  growth. 

The  marginal  bands  of  cattail 
ascend  the  banks  in  seepage  areas 
around  the  pools,  but  the  upward 
limit  is  determined  by  the  duration 
of  the  aeroperiod.  The  high  dis¬ 
solved  oxygen  in  the  pools  permitted 
the  Typlia  community  to  invade 
water  depths  of  two  feet.  In  one 
flooded  lake  a  localized  colony  was 
growing  in  four  feet  of  water  with 
its  leaves  extending  five  feet  above 
the  water’s  surface.  Another  lake 
contained  cattail  seedlings  growing 
in  ten  inches  of  water. 

Effect  of  Turbidity 

The  paradox  of  the  intensively 
eroding  watershed  and  the  crystal 
clear  pools  below  is  partially  ex¬ 
plained  by  the  filtering  action  of  the 
ferric  oxide  precipitates  and  the 
flocculation  of  the  negatively 
charged  soil  particles  by  positive 
ions.  The  spoil  banks  protecting 
the  pools  from  agitation  by  the  wind 
and  the  moderating  influence  of 
thermal  stratification  on  water  move¬ 
ments  also  contribute  to  the  rapid¬ 
ity  with  which  the  alluvial  material 
is  removed  from  suspension.  This 
deposition  accumulates  on  the  foli¬ 
age  of  submerged  vegetation,  form¬ 
ing  a  light  obstructing  coat  a  six¬ 
teenth  to  an  eighth  of  an  inch  thick. 
This  interference  is  reflected  chiefly 
in  reduced  vegetative  growth,  as 
depth  of  distribution  is  restricted  by 
the  sheer  drop-off  along  the  outer 
edge  of  the  alluvial  shelf. 

Many  of  the  pools  contained  algal 
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pH 


growths  which  imparted  a  dark 
greenish-brown  color  to  the  water. 
The  very  acid  lakes  were  readily 
distinguished  by  their  bright  green 
appearance,  probably  resulting  from 
an  increased  solubility  of  an  iron 
compound. 

Effect  of  Age  of  Pool 

The  range  of  variation  which  can 
be  expected  when  a  correlation  is 
made  between  chemical  character¬ 
istics  and  age  of  the  water  is  best 
exemplified  by  a  series  of  small 
ponds  on  the  oldest  strippings  in  the 
Pyatt  area.  This  group  possessed 
the  lowest  salinities  and  the  most 
extreme  pH  values  encountered, 
with  the  exception  of  a  sterile  pond 
which  received  drainage  from  a  coal 
dump  and  exhibited  a  pH  of  2.3. 
The  acid  pools  with  a  pH  of  3.5  and 


■ 

— »- 

8 

nf.'i 

• 

•  • 

▼ 

- 7- 

- 6- 

• 

•  : 

♦  /■ 

• 

• 

- 5- 

• 

Trend 
of  pH 

□ 

- 4- 

1 

- 3- 

□ 

•  C 

• 

Specific  Conduct ancle* 

In  Reciprocal  Meg  a.  ohms 
at  25°C. 

- 2- 

1  1 

O 

▼ 

• 

D 

■ 

■ 

4,000  to  5,000 

3,000  to  3,990 

2,000  to  2,999 

1,000  to  1,999 

0  to  999 

|  | 

0  10 

J_ 1 

20 

1 

30  40 

Age  in  Years 
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a  specific  conductancy  of  800  to  900 
reciprocal  megaohms  contained  no 
submerged  vegetation.  The  high- 
water  level  of  these  acid  pools  was 
marked  by  a  border  of  round-seeded 
paspalum  ( Paspalum  circular e)  and 
wild  millet,  with  sapling  willows 
higher  up  on  the  slopes.  Blunt 
spikerush  ( Eleocharis  obtusa)  oc¬ 
curred  as  scattered  tufts  on  the  moist 
soil  and  in  the  shallow  water.  Para¬ 
doxically,  though  this  spikerush 
was  frequently  encountered  in  open 
stands  of  cattail,  it  was  most  robust 
in  this  extremely  acidic  habitat. 

Within  50  yards  of  the  acid  pools, 
large  willows  shaded  dark  coffee- 
colored  waters  containing  small- 
leaved  pondweed  ( Potamogeton  di¬ 
ver  sifolius) .  A  localized  colony  of 
Small’s  spikerush  ( Eleocharis 
smalli)  bordered  one  of  the  pools 
which  had  a  pH  of  7.7.  An  adjacent 
pool  with  the  extreme  pH  of  9.4  had 
its  winter  level  marked  by  rice  cut- 
grass,  blunt  spikerush,  and  seedbox 
(  Lud  wigia  alternifolia) .  Another 
pond  in  the  same  vicinity  was  simi¬ 
lar^  heavily  shaded  by  willows  and 
exhibited  the  same  low  specific  con¬ 
ductance  of  fOO  to  200  reciprocal 
megaohms  as  the  other  two  pools.  It 
differed  by  having  a  pH  of  7.5  and 
being  filled  with  a  luxuriant  growth 
of  bush  naiad  ( Najas  flexilis) . 

The  marked  deviation  in  vegeta- 
tional  aspects  of  this  group  of  pools 
from  other  waters  of  different  ages 
probably  reflects  unusual  site  con¬ 
ditions  rather  than  any  successional 
trends.  The  selection  of  the  52 
study  pools  on  the  basis  of  variation 
in  floral  composition  and  the  inclu¬ 
sion  of  larger  bodies  of  water  whose 
chemical  qualities  would  be  slow 
to  change  prevents  an  accurate  anal- 
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ysis  of  aging.  A  trend  toward  neu¬ 
trality  or  slight  alkalinity  is  indi¬ 
cated  by  Figure  1,  but  salinities 
show  little  variation  with  age. 

Migration  of  Plants 

The  initial  invaders  of  newly  cre¬ 
ated  bodies  of  water  are  Typha  and 
P otamog et on  foliosus  (McAtee, 
1939).  The  wind-disseminated  seeds 
of  willows  and  cottonwoods,  as  those 
of  cattail,  possess  a  similar  advan¬ 
tage  for  invading  sterile  soils.  A 
prime  requisite  of  any  migrant  is 
the  presence  locally  of  a  parent  col¬ 
ony  which  will  provide  an  abun¬ 
dance  of  disseminules.  An  example 
is  narrow-leaved  cattail  (Typha 
angusti 'folia)  which  was  reported  by 
Riley  (1954)  as  bordering  strip 
mine  lakes  in  Ohio.  Its  infrequent 
distribution  in  southern  Illinois  pre¬ 
cludes  it  as  an  important  element 
in  the  strip  land  vegetation,  even 
though  it  was  competing  successfully 
with  broad-leaved  cattail  in  two 
study  areas.  Three  species  which 
may  be  incapable  of  migrating  into 
the  strip  mine  lands  in  southern  Illi¬ 
nois  and  which  may  be  worth  intro¬ 
ducing  because  of  their  value  for 
wildlife  are :  soft  stemmed  bulrush 
( Scirpus  validus)  ;  wild  rice 
(Zizania  aquatica)  ;  and  marsh 
smartweed  (Polygonum  coccineum) . 

Fertility  of  the  Area 

The  stripland  is  apt  to  contain 
higher  amounts  of  phosphorus  and 
potassium  than  the  original  farm¬ 
land,  though  the  fresh  spoils  are 
deficient  in  nitrogen  and  devoid  of 
organic  matter  (Limstrom  and  Deit- 
schman,  1951).  Three  lakes  which 
had  been  fertilized  for  fish  produc¬ 
tion  contained  the  better  algal 


growths,  but  the  marginal  aquatic 
plants  seemed  little  affected.  Large- 
seed  smartweed,  growing  on  rich  al¬ 
luvial  soils  at  the  Carbondale  reser¬ 
voir,  reached  a  height  of  seven  feet, 
but  the  largest  specimens  observed 
on  striplands  were  four  feet  tall, 
and  the  majority  of  the  stands  were 
about  three  feet  in  height.  The  cat¬ 
tail  borders  around  the  stripland 
waters  compared  favorably  in  stat¬ 
ure  and  density  with  similar  stands 
at  Crab  Orchard  Lake,  except  that 
the  width  of  the  marsh  area  was  re¬ 
stricted  by  the  steepness  of  the  spoil 
banks  composing  the  shoreline  of 
the  stripland  pools.  The  dense  beds 
of  pondweeds,  stonewort,  and  naiad 
were  in  marked  contrast  to  the  mea¬ 
ger  growths  of  submerged  aquatics 
in  the  turbid  waters  along  the  wave 
eroded  shoreline  of  Crab  Orchard 
Lake. 

Summary 

The  majority  of  the  52  stripland 
pools  studied  exhibited  pH  values 
between  6.0  and  8.0  and  were  char¬ 
acterized  by  dense  growths  of  nar¬ 
row-leaved  pondweed  (Potamogeton 
foliosus)  and  stonewort  ( Char  a  spp.) 
on  the  shallow  alluvial  shelf. 

Extreme  water  fluctuations  in 
some  of  the  smaller  ponds  were  inim¬ 
ical  to  the  shoreline  border  of  cat¬ 
tail  (Typha  lati folia)  and  favored 
the  development  of  moist  soil  an- 
uals  such  as  wild  millet  (Echino- 
chloa  crusgalli),  largeseed  smart- 
weed  (Polygonum  pennsylvanicum) , 
and  straw  colored  sedge  (Cy perns 
ferruginescens)  in  the  barren  reces¬ 
sion  zone. 

The  high  concentrations  of  min¬ 
erals  in  the  stripland  waters,  pri¬ 
marily  calcium  and  magnesium  sul- 
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phates,  apparently  restricted  the  de¬ 
velopment  of  water  primrose  (Jus- 
siaea  diffusa)  and  American  lotus 
( Nelumbo  lutea). 

High  values  of  dissolved  oxygen 
(8  to  15  parts  per  million)  favored 
the  growth  of  cattails  and  permitted 
the  development  of  cattail  seedlings 
in  10  inches  of  water. 

The  filtering  action  of  the  ferric 
oxide  precipitates  and  the  floccula¬ 
tion  of  the  negatively  charged  soil 
particles  by  positive  ions  keep  the 
pools  crystal  clear  below  the  inten¬ 
sively  eroding  spoil  banks. 

There  was  no  indication  of  a 
floral  succession  as  the  initial  in¬ 
vaders,  Typha  and  Potamogeton 
foliosus,  were  adapted  to  the  trend 
of  the  waters  to  neutrality  or  slight 
alkalinity. 

Densities  of  the  submerged  and 
emergent  aquatic  vegetation  indicat¬ 
ed  a  high  fertility  for  the  waters, 
but  the  steep  spoil  banks  and  the 
resulting  narrow  zones  favorable 
for  plant  growth  sharply  curtailed 
production. 
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CHEMISTRY 


SURVIVAL  AFTER  ISONIAZID  TREATMENT  OF 
EXPERIMENTAL  TUBERCULOSIS  IN  GUINEA 
PIGS  AND  RESISTANCE  TO  REINFECTION 

B.  C.  SHER  AND  Z.  G.  CZAJA 
Municipal  Tuberculosis  Sanitarium,  Chicago 


Introduction 

In  a  report  to  the  Illinois  State 
Academy  of  Science  (Slier  and 
Kloeck,  1953)  it  was  indicated  that 
snlfones  prolonged  the  lives  of  tuber¬ 
culous  guinea  pigs.  These  animals 
lived  three  and  four  times  as  long 
as  the  infected  but  untreated  con¬ 
trols,  despite  an  early  progressive 
tuberculous  process  which  manifest¬ 
ed  itself  even  before  the  prescribed 
two  months  of  therapy  were  ended. 
This  prolonged  survival  was  attrib¬ 
uted  to  an  immunity  which  protect¬ 
ed  the  animal  against  endogenous 
spread  of  the  disease.  However,  no 
attempt  was  made  to  determine 
whether  these  animals  were  resist¬ 
ant  to  an  external  source  of  reinfec¬ 
tion  with  virulent  tubercle  bacilli. 

It  is  known  that  primary  infec¬ 
tions  in  human  beings  are  for  the 
most  part  spontaneously  healed  and 
that  the  individuals  are  thereafter 
more  resistant  to  a  subsequent  infec¬ 
tion  than  if  they  had  no  previous 
history  of  tuberculosis  (Pinner, 
1945).  Yet  little  attention  has  been 
given  to  immunity  which  might  de¬ 
velop  when  the  disease  is  suppressed 
by  drugs,  although  this  lias  become 
increasingly  important  with  the  ex¬ 
tensive  use  of  antituberculosis 


agents.  It  would  be  interesting  to 
compare  immunity  developed  by 
spontaneous  healing  with  that  pro¬ 
duced  by  chemotherapeutic  suppres¬ 
sion  ;  but  it  is  difficult  if  not  impos¬ 
sible  to  formulate  experiments  for 
this  purpose  because  spontaneous 
healing  in  animals  is  exceedingly 
rare,  and  it  is  impractical  to  produce 
this  experimentally.  Consequently, 
our  experiments  are  limited,  first,  to 
the  determination  of  the  increase  in 
survival  time  due  to  administration 
of  the  drug,  and  second,  to  the  de¬ 
termination  of  resistance  to  rein¬ 
fection  after  therapy  is  discontinued. 

Methods 

The  same  groups  of  experimental 
animals  may  be  used  to  obtain  the 
essential  data  for  both  of  the  above 
objectives.  Increased  survival  time 
is  found  by  calculating  the  average 
survival  of  each  group  of  animals 
from  the  date  of  the  primary  infec¬ 
tion.  This  survival  time  was  com¬ 
pared  with  that  of  the  control  Group 
IB,  of  Table  1,  which  was  infected 
simultaneously  with  the  primary  in¬ 
fection  given  to  the  treated  groups. 
The  resulting  data  were  used  to  cal¬ 
culate  the  “Index  of  Protection”  as 
indicated  in  Table  1. 
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Table  1. — Survival  Time  Following  Primary  Tuberculous  Infection  in  Guinea  Pigs. 


Group 

Primary 

infection 

Number 

animals 

Isoniazid 

therapy 

Re¬ 

infected 

Ave. 

survival 

(days) 

Observed 

diff. 

(days)1 

Index 

protection2 

1A3 . 

none 

12 

none 

no 

631 

520 

IB4 . 

H37RV 

22 

none 

no 

111 

2A . 

H37RV 

10 

early 

no 

348 

237 

3.1 

2B . 

H37RV 

12 

early 

yes 

295 

184 

2.6 

3A . 

H37RV 

20 

delayed 

no 

246 

135 

2.2 

3B . 

H37RV 

21 

delayed 

yes 

218 

107 

2.0 

1  Difference  between  survival  of  controls  (IB)  and  the  treated  animals  following  primary  infection. 

2  Average  survival  of  treated  group  divided  by  that  of  control  group  (IB). 

3  1A  animals  were  controls  for  IB  animals. 

4  The  IB  primary  infected  animals  were  controls  for  groups  2A,  2B,  3A  and  3B. 


The  degree  of  resistance  to  rein¬ 
fection,  our  second  objective,  was 
obtained  by  calculating  the  average 
survival  time  of  each  group  from 
the  date  of  reinfection  which  took 
place  131  days  after  the  primary  in¬ 
fection.  The  observed  difference  be¬ 
tween  the  survival  time  of  each  of 
these  groups  and  that  of  Group  IB, 
Table  2,  gave  a  measure  of  resist¬ 
ance  to. reinfection.  Group  IB  was 
the  control  group  for  the  reinfected 


animals  and  was  given  primary  in¬ 
fection  131  days  later  than  the  con¬ 
trol  Group  IB  of  Table  1,  to  coin¬ 
cide  with  the  reinfection  date  of 
Groups  2B,  3B  and  4B  of  Table  2. 

Isoniazid  was  selected  for  these 
studies  because  it  is  more  effective 
than  any  drugs  in  our  previous 
work  (Sweany,  Slier,  and  Ivloeck, 
1946;  and  Slier  and  Ivloeck,  1946). 
Earlier  observation  had  shown  that 
no  tuberculosis  is  evident  for  several 


Table  2. — Survival  Time  of  Guinea  Pigs  Following  Reinfection 

With  Tuberculosis. 


Group 

Number 

animals1 

Primary 

infection 

Isoniazid 

therapy 

Re¬ 

infection 

Ave. 
survival 
after  re¬ 
infection 
(days)2 

Observed 

diff. 

in 

survival4 

Index 

relia¬ 

bility5 

1A . 

12 

none 

none 

none 

500 

374 

5 

IB . 

11 

none 

none 

H37RV3 

126 

•  •  • 

2A . 

8 

H37RV 

early 

none 

309 

183 

3.1 

2B . 

10 

H37RV 

early 

H37RV 

193 

67 

1.9 

3A . 

13 

H37RV 

late 

none 

226 

100 

2.7 

3B . 

9 

H37RV 

late 

H37RV 

223 

98 

2.5 

4A . 

6 

BCG 

none 

none 

292 

166 

2.0 

4B . 

18 

BCG 

none 

H37RV 

206 

80 

2.8 

1  Only  animals  living  two  weeks  after  reinfection  included. 

2  Calculated  from  date  of  reinfection. 

3  Late  primary  infection  inoculated  simultaneously  with  reinfection. 

4  Difference  between  survival  controls  (IB)  and  treated  animals  after  reinfection. 

n  Observed  difference  divided  by  standard  error  of  that  difference  gives  a  measure  of  reliability  of 
observed  value. 


94 


Illinois  Academy  of  Science  Transactions 


months  after  the  drug  is  discontinu¬ 
ed.  Since  it  is  not  known  to  what 
degree  tuberculosis  must  be  estab¬ 
lished  before  immunity  develops,  it 
is  possible  that  this  failure  of  tuber¬ 
culous  development  might  result  in 
no  protection  at  all.  Therefore,  the 
rate  of  development  was  altered  by 
varying  the  beginning  and  the  dura¬ 
tion  of  treatment.  Therapy  was 
started  at  intervals  varying  from  7 
to  40  days  after  the  inoculation ;  the 
duration  varied  from  30  to  62  days. 
On  the  basis  of  our  observation  and 
for  expedience  these  experiments 
were  regrouped  into  early  (7th  to 
12th  day)  and  delayed  (19th  to  40th 
day)  treatment  groups.  Non-infect- 
ed  normals,  lion-treated  tuberculous 
controls,  and  BCG  vaccinated  ani¬ 
mals  were  included  as  indicated  in 
Tables  1  and  2.  Each  treated  animal 
received  20  mg.  of  isoniazid  daily 
in  1  cc.  of  10%  sugar  solution  mixed 
with  fresh  green  food.  The  inocu¬ 
lating  dose  for  infection  and  rein¬ 
fection  was  1/10  mg.  wet  weight  of 
H37RV,  a  virulent  human  strain  of 
tubercle  bacilli,  injected  subcutane¬ 
ously  in  the  lower  left  inguinal  re¬ 
gion.  One-tenth  mg.  of  BCG,  ob¬ 
tained  from  the  Tice  Laboratories, 
was  used  to  immunize  the  BCG 
groups. 

Deaths  and  Complications 

Some  of  the  animals  included  in 
Table  1  died  before  the  date  set  for 
reinfection.  This  was  expected  be¬ 
cause  under  our  laboratory  environ¬ 
ment  normal  animals  had  a  death 
rate  of  15%  within  this  period  of 
time.  Since  we  know  of  no  stresses 
that  would  cause  early  death  when 
treatment  was  started  early  enough 
or  when  BCG  vaccine  was  given,  it 


was  expected  that  the  death  rate 
would  be  similar  for  these  groups. 
However,  when  treatment  was  de¬ 
layed,  the  tuberculous  process  de¬ 
veloped  rapidly  enough  in  some 
animals  for  death  to  occur  before 
treatment  was  started ;  in  others, 
the  disease  was  too  far  advanced  for 
effective  therapy,  and  consequently, 
the  death  rate  was  higher,  40%. 
The  death  rate  of  the  tuberculous 
controls  was  70%,  for  this  group 
received  no  protection  whatsoever. 

All  of  the  animals  receiving  the 
primary  infection  are  included  in 
Table  1.  All  animals  dying  within 
145  days  after  the  primary  infection, 
or  within  2  weeks  after  the  rein¬ 
fection,  were  not  included  in  Table 
2  because  these  deaths  were  con¬ 
sidered  to  be  due  to  the  primary 
infection  rather  than  the  reinfection. 

Discussion 

It  is  evident,  from  the  observed 
difference  and  the  indices  of  protec¬ 
tion  in  Table  1,  that  isoniazid  is  an 
effective  antituberculous  drug.  These 
figures  are  high  enough  to  eliminate 
any  need  for  detailed  statistical 
analysis ;  it  is  apparent  by  inspec¬ 
tion  that  the  beneficial  effects  of  the 
drug,  rather  than  chance  variation 
were  responsible  for  these  values. 
Thus,  in  Group  3B  in  which  the 
more  severe  handicap  of  delayed 
treatment  and  a  subsequent  rein¬ 
fection  were  imposed,  the  life  span 
was  increased  two-fold  over  that  of 
the  controls,  and  the  remaining 
groups  showed  correspondingly 
greater  observed  differences  and 
higher  index  values.  Under  the  op¬ 
timum  conditions  of  Group  2A,  early 
treatment  with  no  reinfection,  the 
index  of  protection  was  3.1.  On  the 
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other  hand,  the  difference  between 
groups  2 A  and  1A  shows  that  the 
treated  animals  did  not  live  as  long 
as  the  noninfected  normals.  There¬ 
fore  it  is  evident  that  chemotherapy, 
while  it  is  highly  effective,  did  not 
eradicate  the  disease ;  it  merely  sup¬ 
pressed  it. 

A  comparison  of  the  survival  times 
after  reinfection  (Table  2)  shows  a 
moderate  degree  of  protection 
against  reinfection.  The  observed 
difference  between  the  average  sur¬ 
vival  time  of  any  experimental  group 
and  that  of  the  controls,  IB,  gives 
a  measure  of  immunity  or  resistance 
to  reinfection. 

The  early  treated  group  (2B) 
demonstrated  a  moderate  degree  of 
protection  against  reinfection  with 
an  observed  difference,  or  increase 
in  survival,  of  67  days  over  that  of 
the  control  group  (IB).  This  value 
is  statistically  significant,  and  com¬ 
pares  favorably  with  the  survival  of 
the  challenged  BCG  vaccinated 
group  in  which  an  observed  differ¬ 
ence  of  80  days  was  obtained.  This 
latter  figure  is  a  measure  of  the  jiro- 
tection  obtained  by  immunization 
with  BCG  vaccine.  This  compari¬ 
son  is  all  the  more  favorable  in  view 
of  the  fact  that  the  BCG  animals 
had  no  virulent  tubercle  bacilli  prior 
to  reinfection. 

The  value  of  98  days  obtained  with 
the  delayed  treated  group  (3B) 
prima  facie ,  appears  to  show  a  great¬ 
er  degree  of  protection  against  re¬ 
infection.  This  greater  value  instead 
resulted  from  the  fact  that  Group 
3B  became  a  more  resistant  one  be¬ 
cause  the  more  susceptible  animals 
were  selectively  culled  out  by  the 


40%  mortality  prior  to  reinfection. 
This  factor,  if  it  prevails  in  the  early 
treated  or  BCG  vaccine  groups,  does 
so  to  a  lesser  degree  because  the 
pre-reinfection  death  rate  was  15%, 
and  these  deaths  were  not  due  to 
tuberculosis. 

The  average  survival  of  225  days 
was  obtained  for  the  unchallenged 
delayed  group  (3A)  and  223  days 
for  the  challenged  group  (3B).  It 
may  be  assumed  that  these  almost 
identical  values  arise  from  the  fact 
that  the  animals  had  extensive  tu¬ 
berculosis  at  the  time  of  reinfection 
by  virtue  of  the  delayed  treatment. 
Therefore,  the  effect  of  the  reinfec¬ 
tion  was  masked  and  no  measurable 
difference  was  obtained. 

These  were  preliminary  experi¬ 
ments  in  which  orientation  was  nec¬ 
essary;  therefore,  only  small  num¬ 
bers  of  animals  were  available  for 
each  group.  Appropriate  precau¬ 
tions  were  taken  in  each  instance  in 
the  analysis  of  the  data  by  estimat¬ 
ing  the  statistical  reliability  on  the 
basis  of  the  small  numbers  used. 

Conclusions 

It  may  be  postulated  that  resist¬ 
ance  to  reinfection  is  immunological 
in  nature.  With  BCG  vaccination 
this  may  be  due  to  an  immunity  in¬ 
duced  by  a  non-virulent  organism, 
whereas,  under  chemotherapy  the 
tuberculous  process  was  highly  sup¬ 
pressed  for  several  months  and  dur¬ 
ing  this  interim  the  rate  of  bacterial 
development  was  retarded.  The  ani¬ 
mal  body  was  thereby  enabled  to 
develop  a  moderate  degree  of  resist¬ 
ance  against  an  endogenous  spread 
as  well  as  against  an  externally  ad- 
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ministered  infection.  The  data  re¬ 
corded  in  Tables  1  and  2  show  that 
benefits  are  derived  from  isoniazid 
therapy  because  the  tuberculous  pro¬ 
cess  is  suppressed  and  there  is  pro¬ 
tection  against  reinfection,  subse¬ 
quent  to  chemotherapy. 
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BIOCHEMORPHOLOGICAL  EFFECTS  OF  N-ALLYL 
SUBSTITUTION  ON  BARBITURATE  COMPOUNDS 

J.  A.  GYLYS  AND  C.  D.  PROCTOR 

Stritch  School  of  Medicme,  Loyola  University,  Chicago 


Interest  in  the  study  of  structural 
alteration  of  the  substituents  of 
barbiturate  nitrogen  was  engendered 
in  two  ways.  The  substitution  of 
an  allyl  group  on  the  nitrogen  of 
morphine  gives  rise  to  allyl-normor- 
phine,  a  compound  virtually  devoid 
of  pharmacological  similarity  to  mor¬ 
phine  but  which  exhibits  a  rather 
specific  antagonism  for  the  respira¬ 
tory  depressive  action  of  morphine 
and  its  derivatives  (Unna,  1943 ; 
Hart,  1943 ;  Huggins,  et  al.,  1950 ; 
and  Eckenhoff,  et  al.,  1952). 

It  was  felt  that  the  investigation 
of  the  analogous  compounds  in  the 
barbiturate  series  should  be  carried 
out.  There  were  indications  in  the 
literature  that  the  substitution  of 
larger  radicals  on  the  nitrogen  atom 
may  decrease  the  hypnotic  proper¬ 
ties  of  barbiturates  (Shonle  and 
Doran,  1936 ;  Buck,  et  al.,  1938 ;  and 
Henze  and  Spurlock,  1941).  The 
results  of  preliminary  investigation 
in  this  direction  showed  that  the 
proposed  analogy  between  N-allyl 
barbiturates  and  N-allyl  normor- 
pliine  did  not  hold  true. 

It  was  also  reasoned  that  these 
compounds  might  be  studied  with  a 
view  toward  ascertaining  the  effect 
of  a  barbiturate  antagonist,  Metra- 
zol,  on  the  action  of  the  altered  com¬ 
pounds.  Such  studies  would  throw 
light  on  whether  or  not  the  struc¬ 
tural  change  had  conceivably  altered 
the  anticonvulsive  properties  of  the 


molecule.  Consequently,  this  work 
was  undertaken  to  compare  the  anti¬ 
convulsant  (antimetrazol)  proper¬ 
ties  of  Barbital  (5,5  -  diethylbarbitu- 
ric  acid),  Phenobarbital  (5,5  -  ethyl- 
phenylbarbituric  acid),  and  their 
nitrogen  substituted  derivatives. 

Methods  and  Materials 

The  procedure  employed  was  the 
timed  metrazol  infusion  technique 
developed  by  Orloff,  et  al.  (1949). 
For  discussion  of  other  techniques 
(electrical  and  pharmacological 
stimulation  methods)  the  reader  is 
referred  to  Toman  and  Goodman 
(1947,  1948),  Toman  (1951),  Swin- 
yard,  et  al.  (1952),  and  Woodbury 
and  Davenport  (1952).  In  general 
it  can  be  stated  that  the  information 
obtained  using  one  type  of  experi¬ 
mental  technique  is  rather  specific. 
It  is  commonly  observed  that  favor¬ 
able  results  with  one  technique  can¬ 
not  be  reproduced  by  a  different 
method.  With  these  limitations  in 
mind  our  work  has  been  confined  to 
antimetrazol  studies. 

Animals  used  were  Webster  strain 
albino  mice  of  both  sexes,  weighing 
14-20  gms.  They  were  fed  Purina 
chow  diet  ad  libitum.  Food  was 
withdrawn  from  the  mice  16  to  20 
hrs.  before  each  experiment  but 
leaving  free  access  to  water. 

Barbituric  acid  derivatives  (acid 
form)  were  dissolved  in  excess  of 
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0.1  N  NaOH  and  neutralized  with 
0.1  N  HC1.  In  preparing  solutions 
care  was  taken  to  limit  the  volume 
to  be  injected.  Solutions  used  were  : 
Barbital,  Na  U.S.P.  440  mgm.  %  ; 
Metrazol,  500  mgm.  %  ;  Phenobarbi- 
tal,  Na  U.S.P.  440  mgm.  %  ;  N-Allyl 
Barbital,  400  mgm.  %  and  800  mgm. 
%  ;  N-Allyl  Phenobarbital,  400  mgm. 
%  and  800  mgm.  %  ;  and  N-Phena- 
cyl  Phenobarbital,  500  mgm.  %  and 
800  mgm.  %. 

Compounds  1  and  2  were  prepared 
by  C.  D.  Proctor.  Compound  3  was 
prepared  according  to  Henze  and 
Spurlock  (1941).  Elemental  anal¬ 
ysis  was  performed  by  Dr.  L.  I. 
Diuguid,  St.  Louis,  Mo.,  using  micro 
Kjeldahl  procedure. 

Syringes  for  injections  were  the 
tuberculin  type,  graduated  at  0.01 
ml.  Needles  used  were  27-gauge 
for  both  intravenous  and  intraperi- 
toneal  injections.  A  cone-shaped 
plastic  cylinder  was  used  for  holding 
and  for  observing  the  animals  dur¬ 
ing  intravenous  injections. 

Animals  were  divided  into  weight 
groups  (15-17  gm.  and  18-20  gm.). 
The  anticonvulsant  agent  was  ad¬ 
ministered  intraperitoneally  at  doses 
of  50-100  mgm. /kg.  based  on  the 
acid  weight.  Metrazol  solution  (500 
mgm.  %)  was  infused  through  the 
caudal  vein  at  the  rate  of  0.05  cc./lO 
sec.  at  periods  of  5,  60,  and  120 
minutes  after  administration  of  the 
anticonvulsant.  The  reaction  of  the 
mouse  to  this  carefully  controlled 
intravenous  infusion  of  Metrazol 
showed  the  definite  pattern  described 
by  Orloff,  et  al.  (1949).  The  signs 
of  reaction  followed  each  other  in 
a  strict  sequence  with  increasing 
concentration  of  Metrazol  in  the 
blood.  The  first  of  these  symptoms 


was  the  “ first  twitch” — a  sharp 
single  twitch  of  the  entire  body. 
This  was  followed  very  shortly  by 
‘  ‘  pseudoconvulsions  ”  —  a  series  of 
clonic  movements  accompanied  by 
an  audible  squeak  by  the  animal  and 
ventral  flexion  of  the  head.  Later, 
the  animal  showed  clonic  movements 
alternating  with  resting  phases.  The 
third  sign  —  “  persistent  convul¬ 
sions”  —  appeared  when  the  maxi¬ 
mal  Metrazol  concentration  of  the 
blood  was  reached;  it  was  the  final 
point  of  injection.  These  lethal  con¬ 
vulsions  were  characterized  by  tonic 
flexion  and  were  followed  by  exten¬ 
sion  of  the  hind  legs.  The  operator 
only  observed  the  volume  of  Metrazol 
injected  at  the  appearance  of  “  first 
twitch”  and  “persistent  convul¬ 
sions”  because  the  “pseudoconvul¬ 
sions  1 7  followed  very  closely  the 
“first  twitch”.  The  efficacy  of  the 
anticonvulsant  was  denoted  as : 

Protective  ratio :  threshold  after 
treatment  (in  cc.  of  0.5%  Metrozol) 
over  threshold  of  the  corresponding 
weight  group  which  was  untreated. 

A  protective  ratio  equal  to  1.00  is 
the  control  value  obtained  from  un¬ 
treated  mice.  A  value  above  1.00 
indicates  the  action  of  the  compound 
antagonistic  to  the  effects  of  Metra¬ 
zol,  while  any  value  less  than  1.00 
shows  synergistic  action  to  the  con- 
vulsant.  The  ability  of  the  com¬ 
pound  to  modify  the  convulsive  pat¬ 
tern  of  Metrazol  was  also  considered. 

Results  and  Discussion 

N-Allyl  Barbital  and  Barbital. — 
Results  with  N-Allyl  Barbital  in¬ 
dicated  that  this  compound  had  dif¬ 
ferent  anticonvulsive  properties 
than  its  parent  compound,  Barbital. 
Its  activity,  5  minutes  after  the  ad- 
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Table  1. — Physical  and  Chemical  Data  on  the  Compounds 
Synthesized  in  our  Laboratory. 


Data  of  chemical 
analysis 

Observed 

Compound 

Molecular 

wt. 

Formula 

found 

N  % 

calculated 
N  % 

melting 

point 

°C. 

H20 

solubility 

N-Allyl  Barbital  (1) 

226e 

Cii03N2H16 

11.89 

12.50 

77-78 

poor 

N-Allyl 

Phenobarbital  (2) 

2736 

Ci«03N2H16 

10.11 

10.27 

08-69 

poor 

N-Phenacyl 

Phenobarbital  (3) 

351s 

C20O4JN  2B  18 

8.03 

8.00 

156-158 

poor 

ministration  of  the  same  dose  (50 
mgm./kg.)  as  Barbital,  showed  note¬ 
worthy  activity  both  in  raising  the 
protective  ratios  and  in  modifying 
the  pattern  of  convulsions.  The 
“ first  twitch”  and  “ pseudoconvul¬ 
sions”  were  changed  to  the  extent 
that  they  were  difficult  to  observe. 
The  other  finding  was  the  delay  of 
death  after  appearance  of  “persist¬ 
ent  convulsions”  (these  were  of 
weaker  intensity  and  not  continu¬ 
ous).  The  delay  lasted  up  to  30 
minutes  and  was  seen  in  about  50% 
of  the  animals.  The  lethal  convul¬ 
sions  were  tonic  with  flexor  and  ex¬ 
tensor  components  as  in  control  ani¬ 
mals,  but  the  latter  animals  always 
died  immediately  upon  the  appear¬ 
ance  of  “persistent  convulsions”. 
Barbital  animals  at  the  correspond¬ 
ing  time  interval  (5  min.)  showed 
smaller  protective  ratios  than  N- 
Allyl  Barbital  animals.  The  pattern 
of  convulsions  was  essentially  un¬ 
modified  and  no  delayed  deaths  were 
observed.  At  one  hour  postadminis¬ 
tration,  the  same  dose  (50  mgm/kg.) 
of  N-Allyl  Barbital  showed  a  mark¬ 
edly  decreased  anticonvulsive  activ¬ 
ity,  whereas  the  activity  of  an  equal 


dose  of  Barbital  rose  in  respect  to 
the  protective  ratios  and  ability  to 
modify  the  seizure  pattern,  although 
no  delay  of  death  was  seen.  A 
double  dose  of  N-Allyl  Barbital 
(100  mgm./kg.)  proved  to  be  more 
effective,  but  the  protection  afford¬ 
ed  was  below  that  observed  at  the 
5-minute  interval,  and  animals 
showed  a  more  or  less  typical  seiz¬ 
ure  pattern.  At  two  hours  post- 
administration,  the  activity  of  100 
mgm./kg.  of  N-Allyl  Barbital 
showed  a  progressively  decreasing 
protection,  while  the  protection  af¬ 
forded  by  50  mgm./kg.  of  Barbital 
remained  on  the  same  level  as  at  the 
1-hour  interval. 

The  description  of  results  in  Table 
2  points  out  that  N-Allyl  substitu¬ 
tion  increased  the  immediate  anti- 
metrazol  activity  of  the  parent  com¬ 
pound  but  simultaneously  decreased 
the  duration  of  action.  The  first 
property  is  in  agreement  with 
Toman  and  Goodman  (1948)  who 
stated  that  N-alkylation  may  in¬ 
crease  antimetrazol  activity.  It 
would  appear  that  the  immediate 
metabolic  product  of  N-Allyl  Barbi¬ 
tal  is  not  Barbital,  as  was  reported 
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Table  2. — The  Anticonvulsive  Potency  of  N-Allyl  Barbital 
in  Comparison  with  Barbital. 


Anticonvulsive 

Mg./kg. 

intra- 
peri  toneal 

Convulsive  threshold  in 
cc.  of  0.5%  Metrazol 

Protective  ratio 

1st. 

twitch 

persistent 

convulsions 

1st. 

twitch 

persistent 

convulsions 

Control,  15-17  gms . 

0 

0.13  (24)1 

0.42  (24)1 

1.00 

1.00 

Control,  18-20  gms . 

0 

0.16  (24) 

0.52  (22) 

1.00 

1.00 

Barbital —  5  min . 

50 

0 . 20  (20) 

0.58  (20) 

1.61 

1.36 

—  60  min . 

50 

0.27  (19) 

0.69  (18) 

2.07 

1.64 

— 120  min . 

50 

0.19  (22) 

0.65  (22) 

1.46 

1.55 

N-Allyl-Barbital 

—  5  min . 

50 

0.47  (23) 

0.97  (31) 

2.87 

1.87 

—  60  min . 

50 

0.26  (18) 

0.66  (20) 

1.62 

1.27 

—  60  min . 

100 

0.27  (19) 

0.60  (19) 

2.08 

1.43 

— 120  min . 

100 

0.17  (21) 

0 . 46  (23) 

1.30 

1.09 

1  Figures  in  parentheses  indicate  the  number  of  observations. 


in  the  case  of  N-Methyl  Barbital 

«/ 

which  was  converted  to  Barbifal  in 
vivo  (Bntler  and  Bush,  1939). 

N-Allyl  Phenol) art) it al  and  Pheno¬ 
barbital. — N-Allyl  Phenobarbital,  at 
the  same  dose  (50  mgm./kg.)  as 
Phenobarbital  at  5  minutes  postad¬ 
ministration,  showed  inferior  activ¬ 
ity  with  respect  to  protective  ratios 
of  the  persistent  convulsions,  but  it 
was  more  effective  in  raising  the 
threshold  of  both  “ first  twitch”  and 
“  pseudoconvulsions”.  Both  com¬ 
pounds  were  able  to  make  these  two 
signs  less  defined.  The  modification 
of  “ persistent  convulsions”  by  Phe¬ 
nobarbital  was  much  more  pro¬ 
nounced  than  by  N-Allyl  Pheno¬ 
barbital.  Phenobarbital  abolished 
the  typical  tonic  convulsive  death  by 
changing  it  to  the  clonic  type  death 
occurring  after  some  delay.  N-Allyl 
Phenobarbital,  at  a  dose  of  100 
mgm./kg.  at  the  5-minute  interval, 
caused  very  profound  modifications 
of  the  “first  twitch”  and  “pseudo¬ 


convulsions”;  only  2  of  11  animals 
showed  these  symptoms  in  any  rec¬ 
ognizable  form.  In  a  majority  of 
cases  the  persistent  convulsions 
showed  a  clonic  pattern  which  was 
especially  well  defined  in  animals 
dying  after  some  delay.  The  pro¬ 
tective  ratios  at  the  higher  dose  (100 
mgm./kg.)  were  superior  to  those  of 
the  parent  compound  at  the  50 
mgm./kg.  dose.  At  one  hour  post- 
administration,  N-Allyl  Phenobarbi¬ 
tal  (100  mgm./kg.)  showed  a  marked 
decrease  in  the  protective  ratios  and 
in  ability  to  modify  the  character 
of  persistent  convulsions.  There  was 
delayed  death  in  3  of  21  animals. 
The  Phenobarbital  protection  at  one 
hour  was  increased  in  comparison 
to  its  immediate  activity  in  all 
aspects.  At  two  hours  postadminis¬ 
tration,  N-Allyl  Phenobarbital 
showed  a  more  decreased  potency, 
affording  only  a  very  slight  protec¬ 
tion  as  evidenced  by  a  poor  protec¬ 
tion  ratio.  Just  the  opposite  picture 
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Table  3. — The  Anticonvulsive  Potency  of  N-Substituted  Phenobarbital 

in  Comparison  with  Phenobarbital. i 


Convulsion  threshold  in 
cc.  of  0.5%  Met.razol 

Protective  ratio 

Anticonvulsive 

Mg./kg. 

intra- 

peritoneal 

1st. 

twitch 

persistent 

convulsions 

1st. 

twitch 

persistent 

convulsions 

Phenobarbital —  5  min. . 

50 

0.22  (13)2 

0.75  (18)2 

1.38 

1.44 

—  60  min. . 

50 

0.30  (14) 

0.67  (17) 

2.30 

1.60 

— 120  min. . 

50 

0.26  (17) 

0.77  (19) 

2.00 

1.83 

N-Allyl  Phenobarbital 

—  5  min . 

50 

0.23  (19) 

0.50  (22) 

1.77 

1.19 

—  5  min . 

100 

0.31  (2) 

0.77  (11) 

2.38 

1.86 

—  60  min . 

100 

0.25  (16) 

0.66  (21) 

1.84 

1.57 

— 120  min . 

100 

0.16  (19) 

0.46  (19) 

1.23 

1.10 

N-Phenacyl  Pheno- 

barbital —  5  min . 

62 

0.20  (15) 

0.57  (17) 

1.54 

1.38 

—  5  min . 

100 

0.18  (19) 

0.72  (21) 

1.12 

1.40 

—  60  min . 

100 

0.14  (17) 

0.44  (18) 

1.07 

1,05 

— 120  min . 

100 

0.12  (21) 

0.39  (21) 

0.92 

0.93 

1  For  control  values,  see  Table  2. 

2  Figures  in  parentheses  indicate  the  number  of  observations. 


was  seen  with  the  Phenobarbital  ani¬ 
mals  in  which  protection  reached  a 
maximum  at  two  hours  after  admin¬ 
istration.  Delayed  death,  character¬ 
ized  by  clonic  convulsions,  was  ob¬ 
served  in  58%  of  the  animals. 

Prom  these  results  one  may  con¬ 
clude  that  N-Allyl  Phenobarbital 
had  a  considerably  shorter  action 
than  the  parent  compound,  as  was 
observed  in  the  case  of  N-Allvl 

t/ 

Barbital  and  Barbital.  Such  results 
infer  that  metabolic  degradation 
products  of  N-Allyl  Phenobarbital 
were  different  than  Phenobarbital 
which  showed  a  continuously  in¬ 
creasing  activity.  The  compound 
giving  Phenobarbital  as  a  metabolic 
product  is  N-Methyl  Phenobarbital 
(Butler,  1952).  A  difference  be¬ 
tween  the  two  allyl  derivatives  can 
be  noted  in  that  the  N-allyl  substi¬ 


tution  of  Phenobarbital  did  not  in¬ 
crease  the  anticonvulsive  properties 
of  the  parent  compound  as  did  the 
change  from  Barbital  to  N-Allyl 
Barbital.  The  latter  derivative 
showed  a  markedly  increased  initial 
activity  over  the  parent  compound 
but  lacked  sustained  action. 

N  -  Phenacyl  Phenobarbital  and 
Phenobarbital.  —  The  results  with 
N-Phenacyl  Phenobarbital  (62 
mgm./kg.,  5  minutes  postadministra¬ 
tion)  indicated  a  moderate  protec¬ 
tive  action  and  poor  ability  to 
modify  the  convulsive  pattern.  With 
a  greater  dose  (100  mgm./kg.)  the 
protective  ratios  did  not  become 
higher,  but  a  very  pronounced  abil- 
ity  to  change  the  tonic  convulsions 
to  the  clonic  type  was  observed  (17 
delayed  deaths  in  21  animals).  This 
delav  sometimes  reached  30  minutes, 

«/  7 
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and  several  seizures  were  observed 
before  the  outcome  was  lethal.  At 
60  minutes  postadministration,  there 
was  no  significant  elevation  of  pro¬ 
tective  ratios  over  the  control  values 
and  the  pattern  of  the  convulsions 
was  not  changed.  At  120  minutes, 
there  was  some  indication  of  syner¬ 
gism  between  this  drug  and  Metra- 
zol,  because  the  protective  ratios  at 
the  persistent  convulsion  level  were 
below  unity. 

The  findings  at  120  minutes  were 
in  agreement  with  those  obtained  by 
Henze  and  Spurlock  (1941)  who, 
using  an  older  Metrazol  technique, 
could  not  detect  any  anticonvulsive 
properties  of  this  compound.  The 
results  obtained  with  the  compound 
under  study  indicate  limited  protec¬ 
tive  properties  at  shorter  waiting 
periods,  with  pronounced  ability^  to 
modify  convulsions  at  five  minutes. 
The  significance  of  this  property  was 
stressed  by  Toman,  Swinyard  and 
Goodman  (1946).  They  pointed  out 
that  the  efficacy  of  a  given  anti¬ 
epileptic  compound  may  sometimes 
be  more  related  to  a  reduction  in 
the  ability  of  the  brain  to  support 
self-sustaining  discharges  than  to  a 
simple  increase  in  the  chemical  or 
electrical  threshold  for  initiating  dis¬ 
charges. 

The  hypnotic  properties  of  the 
N-subsituted  compounds  studied 
were  characterized  by  an  anesthetic 
power  greater  than  that  of  the  par¬ 
ent  compounds  (on  a  weight  basis), 
by  immediate  onset  of  anesthesia,  by 
a  shorter  duration  of  action,  and  bv 
a  shorter  postanesthetic  depression 
(Gylys  and  Proctor,  unpubl.  data). 
These  properties  are  distinctly  dif¬ 
ferent  from  those  of  the  parent  com¬ 
pounds.  The  short  anesthetic  action 


is  analogous  to  the  short  duration  of 
the  anticonvulsive  effect.  The  fact 
that  these  compounds  had  a  stronger 
hypnotic  effect  than  the  parent  com¬ 
pounds  would  indicate  that  the  hyp¬ 
notic  properties  do  not  necessarily 
develop  parallel  to  the  anticonvulsive 
ones.  This  is  similar  to  the  findings 
of  Everett  and  Richards  (1945). 

Summary 

Studies  were  undertaken  to  evalu¬ 
ate  the  pharmacological  effects  of 
N-alkyl  substitution  on  barbiturate 
molecules  using  the  intravenous 
Metrazol  infusion  test.  Changes  in 
both  convulsive  threshold  and  pat¬ 
tern  of  convulsions  were  taken  into 
consideration.  It  was  ascertained 
that  the  allyl  substitution  on  Bar¬ 
bital  produced  a  quantitative  in¬ 
crease  in  the  intensity  of  the  anti¬ 
convulsant  activity.  Such  substitu¬ 
tion  decreased  the  latent  period  for 
manifestation  of  the  peak  of  the 
anticonvulsant  activity  of  Barbital, 
but  it  also  decreased  the  duration  of 
such  activity.  N-Allyl  substitution 
of  Phenobarbital  yielded  a  com¬ 
pound  with  somewhat  reduced  anti¬ 
convulsive  potency ;  this  substitution 
also  decreased  the  latent  period  of 
the  peak  of  action  and  duration  of 
such  activity.  N-phenacvl  substitu¬ 
tion  yielded  a  compound  with  re¬ 
duced  anticonvulsive  effect  and,  late 
in  the  course  of  its  action,  possible 
synergistic  action  with  Metrazol. 
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STUDIES  ON  THE  DISTRIBUTION  OF 
ADENOSINETRIPHOSPHATASE 
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For  a  considerable  time  our  in¬ 
terest  has  been  focused  on  the  en¬ 
zymatic  activity  of  the  heart  and 
other  organs  under  the  influence  of 
digitalis-like  glycosides.  One  of 
these  enzymes  is  adenosinetriphos- 
phatase  (ATPase). 

Our  previous  work,  directed  by  the 
late  Dr.  A.  G.  Mulder  (1951:95) 
had  demonstrated  a  significant  de¬ 
crease  in  the  adenosinetriphosphate 
(ATP)  content  of  dog  hearts  in  situ 
in  experimentally  induced  pathologi¬ 
cal  states  as  compared  with  normal 
dog  hearts  in  situ.  It  is  conceivable 
that  the  decreased  mechanical  effi¬ 
ciency  observed  in  the  hearts  ex¬ 
amined  in  these  cases  might  be  cor¬ 
related  with  the  decreased  ATP 
levels  found.  It  is  also  possible  that 
at  least  a  part  of  the  mechanism  of 
action  of  the  cardiac  glycosides 
might  reside  in  their  effect  on  the 
enzyme  system  which  regulates  the 
level  of  ATP  in  heart  muscle. 

The  ATPase  is  responsible  for  the 
hydrolysis  of  ATP  in  the  muscular 
tissue.  Within  the  scope  of  our  pres¬ 
ent  knowledge  it  would  seem  that  the 
balance  between  the  ability  of  the 
carbohydrate  metabolism  to  produce 
ATP  and  the  activity  of  ATPase  is 
the  principal  factor  governing  the 
level  of  ATP  in  the  myocardium. 

It  has  been  shown  by  Barron  and 
Singer  (1945)  that  ATPase  is  a 
sulfhydryl  critical  enzvme.  This 
property  of  the  enzyme  affords  a 


mechanism  by  which  the  cardiac 
glycosides  may  inhibit  the  ATPase, 
thus  preserving  the  ATP  in  the  tis¬ 
sue.  Digitalis-like  glycosides  con¬ 
tain  an  unsaturated  lactone  ring  at 
C-17  in  the  steroid  moiety  of  the 
molecule,  the  integrity  of  which  is 
essentia]  for  cardiac  activity.  The 
presence  of  critical  sulfhydryl 
groups  in  ATPase  and  the  presence 
of  a  sulfhydryl  reactive  unsaturated 
lactone  ring  in  the  cardiac  glycosides 
presents  the  possibility  of  a  glyco¬ 
side-produced  oxidation  and/or  com- 
plexing  of  ATPase  sulfhydryl,  yield¬ 
ing  inhibition  of  the  enzyme  and 
preservation  of  ATP.  Such  an  in¬ 
hibition  would  foster  increased  effi¬ 
ciency  of  cardiac  contraction  by  the 
sparing  of  ATP. 

Our  preliminary  experiments  seem 
to  indicate  that  administration  of 
calculated  therapeutic  doses  of  digi- 
toxin  to  dogs  results  in  a  rise  of  the 
adenosinepolypli  osphate  ( APP ) 
content  of  the  heart,  as  compared 
with  the  APP  levels  in  control  un¬ 
digitalized  dog  hearts. 

We  have  shown  (Proctor,  et  al.,  in 
press)  in  another  series  of  experi¬ 
ments  employing  the  method  of  Ack¬ 
erman  and  Potter  (1941)  that  the 
complex  formation  between  digi- 
toxin  and  ATPase  is  reversible. 
Analyses  of  digitoxin  ATPase  in¬ 
hibition,  according  to  the  method  of 
Hunter  and  Downs  (1945),  indicate 
that  the  inhibition  is  substrate  com- 
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petitive  and  is  therefore  subject  to 
regulation  by  the  substrate  concen¬ 
tration.  A  postulation  which  would 
involve  preservation  of  ATP  by  vir¬ 
tue  of  cardiac  glycoside  inhibition 
of  ATPase  due  to  a  sulfhydryl 
mechanism  must  countenance  the  ex¬ 
istence  of  the  sulfhydryl  critical 
enzymes  which  are  normally  in¬ 
volved  in  ATP  syntheses.  It  would 
appear  that  a  selective  inhibition  by 
sulfhydryl  reaction  with  specific  en¬ 
zymes  such  as  ATPase,  to  the  exclu¬ 
sion  of  such  action  on  other  enzymes, 
is  indeed  possible  in  the  case  of  the 
cardiac  glycosides. 

Taking  all  these  hypotheses  into 
consideration,  we  have  undertaken 
a  series  of  in  vitro  studies  of  the  dis¬ 
tribution  of  ATPase  activity  in  the 
heart,  muscle,  kidney,  liver,  brain, 
and  the  gut,  as  a  part  of  the  pre- 

liminary  work  involved  in  our  re- 
«/ 

search. 

Methods 

ATPase  activity  of  the  tissue 
homogenates  was  determined  by  a 
method  like  that  used  by  Bell,  Carr 
and  Krantz  (1952)  to  determine 
ATPase  activity  in  arterial  walls. 
The  method  of  Griswold,  Humeller, 
and  McIntyre  (1951)  was  used  to 
determine  the  phosphate  liberated. 
Phosphate  spectrophotometer  read¬ 
ings  were  taken  at  660  m/x  wave¬ 
length  rather  than  at  450  m/x  wave¬ 
length  which  they  used.  Modifica¬ 
tions  in  the  homogenate  levels  for 
the  tissues  had  to  be  made  to  effect 
measurable  enzyme  action  within 
limits  imposed  by  the  enzyme  levels 
available.  We  have  found  2% 
homogenates  of  all  organs  most  suit¬ 
able  for  our  work.  We  have  also 
substituted  NaCl-glycine  buffer  at 


pH  7.0  for  the  veronal  buffer  used  by 
Bell  and  co-workers,  so  as  to  exclude 
any  possible  effect  due  to  the  bar¬ 
biturate. 

Rabbits  were  sacrificed  by  a  blow 
to  the  head.  Dogs  were  anesthetized 
with  pentobarbital,  29  mg. /kg.  body 
wt.,  intraperitoneally.  After  sacri¬ 
ficing  the  animals,  the  organs  were 
removed  and  placed  in  ice-cold  water. 
Weighed  tissue  was  then  homoge¬ 
nized,  in  cold  sand  with  a  previously 
chilled  mortar  and  pestle,  and  dilut¬ 
ed  to  volume.  This  homogenate  was 
then  centrifuged  for  5  minutes  at 
590  x  G  to  yield  a  distinctly  turbid 
supernatant  fluid.  This  was  then 
kept  in  a  constant  temperature  water 
bath  at  37°  C.  for  30  minutes.  Mean¬ 
while  the  reaction  mixture  was  pre¬ 
pared,  consisting  of  1.2  ml.  O.l  M 
NaCl-glycine  buffer,  1  ml.  of  0.0096 
M  diNaATP,  0.5  ml.  0.032  M  CaCl2, 
and  1  1  ml.  of  water.  To  this,  1  ml. 
of  the  2%  homogenate  was  added  at 
the  end  of  the  incubation  period. 
The  mixture  was  well  mixed  and 
again  placed  in  the  water  bath,  this 
time  for  15  minutes.  The  enzymatic 
reaction  was  stopped  with  0.2  ml.  of 
O.l  M  Na  acetate  saturated  with 
ammonium  sulfate  and  kept  at  0°  C. 
for  10  minutes.  After  filtration,  to 
2  ml.  of  the  filtrate,  3  drops  of  con¬ 
centrated  NH4OH  and  1  ml.  of  Mg 
mixture  were  added,  and  the  solu¬ 
tion  kept  in  the  refrigerator  over¬ 
night  to  precipitate  the  phosphate. 
On  the  following  day  the  determina¬ 
tion  of  the  phosphate  liberated  was 
concluded. 

Results 

The  ATPase  units  have  been  ex¬ 
pressed  as  micrograms  P  liberated 
by  1  mg.  of  tissue  in  15  minutes. 
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Table  1. — Distribution  of  ATPase  Activity  in  the  Rabbit. i 


Experiment 

number 

Heart 

Muscle 

Liver 

Brain 

Kidney 

Gut 

1 . 

0.760 

2.100 

1 . 120 

0.370 

2 . 400 

1.100 

2 . 

0. 300 

2 . 800 

1 .425 

0.475 

0 . 325 

0 . 850 

3 . 

0 . 725 

1  .875 

1.475 

0.725 

2.100 

4.175 

4 . 

0 . 470 

2 . 400 

0.970 

0.770 

0 . 520 

2.070 

5 . 

0.625 

2.750 

1.600 

0.475 

2.300 

0.500 

Average . 

0.576 
±  .085 

2.384 
+  .180 
t=9.0 

1.318 
+  .114 
t=5 . 3 

0.563 
+  .077 
t=0. 1 

1.529 
+  .  433 
t=2.5 

1.739 
±  .150 
t=4. 3 

1  Expressed  as  units  of  ATPase  defined  as  meg.  P  liberated  by  1  mgm.  of  tissue  in  1.3  minutes. 


Table  2. — Distribution  of  ATPase  Activity  in  the  Dog.i 


Experiment 

number 

Heart 

Muscle 

Liver 

Brain 

Kidney 

Gut 

1 . 

0 . 702 

1 . 500 

2.100 

1.075 

3 . 725 

0.600 

2 . 

0 . 950 

2.220 

1.800 

0.970 

0 . 320 

2.100 

3 . 

1.275 

1 . 725 

2.050 

1.000 

3.400 

1.150 

4 . 

0.800 

2.420 

4.400 

1.200 

4.500 

2.900 

5 . 

1.575 

1.825 

2.375 

1.400 

2.125 

2.300 

Average . 

1.060 

1.938 

2.545 

1.169 

2.814 

1.810 

±  .  161 

±  .167 

+  .211 

+  .080 

±  .748 

+  .400 

t=3 . 7 

t=2.9 

t=0 . 6 

t=2 . 3 

t=l  .7 

1  Expressed  as  units  of  ATPase  defined  as  meg.  of  P  liberated  by  1  mgm.  of  tissue  in  15  minutes. 


The  results  obtained  with  rabbits 
are  listed  in  Table  1.  Data  from  each 
experiment  listed  by  number  present 
findings  from  the  organs  of  an  indi¬ 
vidual  animal.  From  Table  1  it  can 
be  seen  that  with  the  exception  of 
the  brain,  all  organs  have  higher 
ATPase  activity  than  the  heart.  It 
seems  that  the  brain  and  the  heart 
show  about  the  same  ATPase  ac- 
tivitv. 

Data  in  Table  2  show  the  results 
in  the  dog.  Each  experiment  lists 
the  findings  for  a  given  animal.  Ex¬ 
amination  of  the  data  reveals  that 
the  distribution  pattern  observed  in 
the  dog  is  similar  to  that  observed 


in  the  rabbit.  However,  in  the  dog, 
the  heart,  brain,  and  liver  show 
greater  ATPase  activity  per  se  than 
in  the  rabbit.  The  apparent  differ¬ 
ence  in  the  kidney  is  not  statistically 
significant.  More  experiments  of  this 
type  are  still  in  progress. 

Discussion 

The  results  of  this  preliminary 
study  have  been  of  great  interest  to 
us  in  a  consideration  of  the  hypoth¬ 
esis  on  the  mechanism  of  cardiac 
glycoside  action  which  we  have  re¬ 
cently  advanced  (Proctor,  et  al.f  in 
press).  Based  on  findings  previously 
reported,  the  hypothesis  postulates  a 
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digitalis  glycoside  induced  inhibi¬ 
tion  of  ATPase,  the  degree  of  which 
is  regulated  by  the  ratio  of  ATP 
concentration  to  enzyme  level.  To 
ascertain  whether  or  not  our  postu¬ 
lates  meet  the  test  presented  by  the 
relative  organ  specificity  of  action 
on  the  heart,  exerted  by  the  thera¬ 
peutic  doses  of  cardiac  glycosides, 
determination  of  the  ATPase  levels 
and  ATP  content  of  the  various 
mammalian  organs  is  necessary.  Ex¬ 
tra-cardiac  ATPase  levels  equal  to 
or  greater  than  that  found  for  the 
heart  would  support  our  hypothesis, 
and  therefore  the  experiments  re¬ 
ported  here  tend  to  sustain  our  ori¬ 
ginal  contentions.  None-the-less,  it 
should  be  pointed  out  that  the  final 
conclusion  relative  to  this  portion  of 
the  mechanism  cannot  be  arrived  at 
until  the  corresponding  organ  ATP 
levels  have  been  determined.  This 
is  true  even  though  digitoxin  inhibi¬ 
tion  of  ATPase  has  been  shown  to 
be  competitive  in  type,  regulated  by 
substrate  concentration  and  effected 
to  the  highest  degree  in  the  heart. 


Summary 

The  ATPase  activity  of  heart, 
skeletal  muscle,  brain,  gut,  liver,  and 
kidney  of  the  rabbit  and  dog  has 
been  determined.  The  distribution 
pattern  for  the  enzyme  is  similar  in 
each  species.  No  species  difference 
has  been  found  in  the  case  of  the 
gut,  skeletal  muscle,  and  kidney.  The 
ATPase  activity  of  heart,  brain,  and 
liver  is  greater  in  the  dog  than  in 
the  rabbit.  In  both  animals  all  the 
organs  except  the  brain  are  signifi¬ 
cantly  greater  than  the  heart  in 
ATPase  activity.  The  ATPase  ac¬ 
tivity  of  the  brain  is  essentially 
equal  to  that  of  the  heart.  The  find¬ 
ings  have  been  discussed  in  relation¬ 
ship  to  the  action  of  cardiac  glyco¬ 
sides  on  the  heart. 
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In  many  respects  the  action  of 
cardiac  glycosides  on  the  conduction 
system  of  the  heart  is  very  similar 
to  that  elicited  by  acetylcholine.  For 
example,  the  glycosides  cause  gen¬ 
eralized  slowing  of  ventricular  con¬ 
duction  and  atrio-ventricular  nodal 
delay  with  little  or  no  action  on  sino- 
auricular  nodal  tissue.  The  action 
of  acetylcholine  is  exactly  analogous. 

Since  our  main  interest  is  directed 
toward  the  study  of  the  effect  of 
cardiac  glycosides  on  the  enzyme 
systems  of  the  heart  and  other  im¬ 
portant  organs  of  the  body,  and 
since  the  question  is  still  posed  as  to 
whether  digitalis  acts  on  the  heart 
directly,  through  the  vagus,  or  both, 
we  have  included  in  our  studies  ex¬ 
periments  to  show  the  effect  of  digi- 
toxin  on  acetylcholinesterase  (AcH- 
ase).  Wood  and  Moe  (1942:16) 
have  demonstrated  that  digitalis 
causes  release  of  intracellular  potas¬ 
sium.  An  analogous  release  of  in¬ 
tracellular  potassium  is  caused  by 
acetylcholine  These  findings  sug¬ 
gest  a  possibility  of  cardiac  glyco¬ 
side  anti-acetylcholinesterase  (AcTI- 
ase)  activity.  Since  AcHase,  like 
adenosinetriphosphatase  ( ATPase), 
contains  sulfhydryl  groups  believed 
to  be  critical  for  its  activity,  it  is 
possible  that  the  cardiac  glycoside 
could  function  with  reference  to  the 
AcHase  in  a  manner  similar  to  that 
which  has  been  postulated  for 
ATPase,  (Rebar,  Tigerman  and 


Proctor,  1955  :  104-107).  Such  inhibi¬ 
tion  of  AcHase  would  decrease  the 
lability  of  endogenous  heart  acetyl¬ 
choline,  would  increase  its  effective 
concentration,  and  thus  might  afford 
part  of  the  explanation  for  the 
slowed  conduction  time  seen  in 
hearts  under  the  influence  of  cardiac 
glycosides. 

The  work  presented  here  is  a  pre¬ 
liminary  study,  conducted  in  vitro, 
because  it  was  felt  that  such  condi¬ 
tions  afforded  the  best  possibility 
for  testing.  We  have  felt  it  advisa¬ 
ble  to  include  the  relative  acetyl- 
cholinestrease  activity  in  the  heart, 
muscle,  liver,  kidney,  brain,  and  gut 
of  the  rabbit  and  the  dog,  as  in  the 
case  of  ATPase.  The  literature 
yielded  very  little  information  on 
this  activity,  the  only  report  found 
being  that  of  Glick  and  his  co-work¬ 
ers,  (1939:31)  who  studied  the 
AcHase  activity  in  the  organs  of  the 
swine. 

Methods 

From  a  study  of  the  variations 
of  the  enzyme-substrate  mixture 
necessary  to  obtain  optimal  results, 
we  have  found  that  the  concentra¬ 
tions  of  the  homogenate  had  to  vary 
for  the  different  organs  of  both  ex¬ 
perimental  species.  A  0.012  M  solu¬ 
tion  of  acetylcholine  bromide 
(AcHBr)  was  found  to  be  the  best 
concentration  of  the  substrate  solu¬ 
tion.  Thus,  for  the  heart  we  have 
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Table  1. — Distribution  of  AcHase  Activity  in  the  Rabbit.1 


Experiment 

number 

Heart 

Muscle 

Liver 

Brain 

Kidney 

Gut 

1 . 

0 . 068 

0 . 025 

0 . 820 

4.000 

0 . 025 

2 . 

0.046 

0 . 025 

0 . 900 

2 . 340 

0 . 025 

0.279 

3 . 

0 . 068 

0.016 

0.940 

3.880 

0.062 

0.620 

4 . 

0 . 054 

0 . 032 

0.656 

3 . 360 

0.016 

0.082 

5 . 

0.049 

0.019 

0.918 

4.050 

0.011 

0 . 032 

6 . 

0.082 

0.041 

0.574 

3.060 

0 . 025 

0.164 

Average . 

0.061 

0.026 

0.801 

3 . 450 

0.027 

0 . 235 

±  .005 

+  .004 

+  .062 

+  .272 

+  .007 

+  .109 

t=5 . 1 

t=ll .  9 

t=8 . 0 

t=3 . 6 

t=  1 . 7 

1  Expres  ed  as  units  of  AcHase,  defined  as  /jl M  AcH  hydrolyzed  by  1  mgm.  of  tissue  in  30  minutes. 


used  a  30%  homogenate,  for  the 
muscle  and  kidney  50%,  for  the  liver 
10%,  and  for  the  brain  and  gut  5%. 
Rabbits  were  sacrificed  by  a  blow 
to  the  head.  Dogs  were  anesthe¬ 
tized  with  pentobarbital,  given  in- 
traperitoneally  at  a  dose  of  29 
mg./kg.  body  wt. 

The  excised  organs  were  placed 
immediately  in  ice-cold  water.  The 
sample  was  then  homogenized  with 
sand  in  a  mortar  and  pestle  and 
diluted  to  a  definite  volume.  The 
homogenate  was  centrifuged  for  5 
minutes  at  590  x  G,  and  the  super¬ 
natant  used  for  further  determina¬ 
tion. 

To  0.5  ml.  homogenate,  kept  pre¬ 
viously  for  30  minutes  in  a  water 
bath  at  37°  C.  in  order  to  equilibrate, 
we  added  0  5  ml.  0.24  M  MgCl2, 
1  ml.  of  0.45  M  NaCl,  and  1  ml.  of 
0.075  M  NaHCOg.  One  ml.  of  0.012 
M  AcHBr  was  added  to  this  mixture 
which  was  incubated  for  30  minutes 
in  a  water  bath  at  37°  C.  to  have 
sufficient  time  for  the  enzymatic  re¬ 
action  to  take  place.  The  reaction 
was  stopped  by  the  addition  of  0.1 
ml.  of  50%  tricholoracetic  acid.  The 
mixture  was  filtered  and  1  ml.  of 


the  filtrate  was  used  for  the  colori¬ 
metric  determination  of  AcHase  ac¬ 
cording  to  the  ITestrin  method 
(1949:261). 

Results 

We  have  expressed  our  results  as 
AcHase  units  which  are  yM  acetyl¬ 
choline  hydrolyzed  by  1  mgm.  of 
tissue  in  30  minutes. 

The  results  obtained  with  rabbits 
are  listed  in  Table  1.  Data  from 
each  experiment  listed  by  number 
present  the  findings  from  the  organs 
of  an  individual  animal.  It  can  be 
seen  that  AcHase  activity  in  the 
brain  is  highest,  as  one  would  expect, 
followed  by  the  activity  in  the  liver, 
gut,  heart,  kidney,  and  muscle  in 
that  order.  Upon  statistical  analy¬ 
sis  one  finds  a  significant  difference 
between  the  activity  in  the  heart 
and  all  other  organs  except  the  gut. 
By  close  examination  of  the  results 
in  the  gut,  we  can  see  large  varia¬ 
tions,  which  explain  the  low  “t” 
value.  More  experiments  are  neces¬ 
sary  to  estimate  whether  the  appar¬ 
ent  difference  in  activity  is  statis- 

«/ 

tically  significant. 
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Table  2. — Distribution  of  AcHase  Activity  in  the  Dog.1 


Experiment 

number 

Heart 

Muscle 

Liver 

Brain 

Kidney 

Gut 

1 . 

0.054 

0.057 

0.820 

0 . 360 

0.082 

0.240 

2 . 

0.043 

0.026 

0.650 

0.450 

0.041 

0.041 

3 . 

0.082 

0.049 

1.600 

0 . 490 

0.098 

0.210 

4 . 

0.054 

0 . 026 

1.200 

0.240 

0.073 

0.240 

5 . 

0.095 

0.049 

1.400 

0.450 

0.057 

0.210 

Average . 

0.065 

0.041 

1 . 130 

0 . 390 

0.070 

0.180 

±  .  009 

+  .006 

+  .170 

+  .045 

+  .010 

±  .038 

t=l  .9 

t=2.0 

t=7 .0 

t= .  30 

t=2.2 

1  Expressed  as  units  of  AcHase,  defined  as  /aM  AcH  hydrolyzed  by  1  mgm.  of  tissue  in  30  minutes. 


Data  in  Table  2  show  the  results 
in  the  clog*.  Each  experiment  lists 
the  findings  from  a  given  animal. 
It  is  clear  that  the  results  in  the  dog- 
follow  the  same  general  pattern 
as  that  found  in  the  rabbit.  Ex¬ 
ceptions  are  the  statistically  signifi¬ 
cant  difference  in  AcHase  activity 
of  the  gut  when  compared  to  that 
of  the  heart  and  the  virtually  equal 
activity  found  in  the  kidney  and  the 
heart. 

Discussion 

There  is  some  difference  in  the 
AcHase  activity  of  some  of  the  anal¬ 
ogous  organs  of  the  two  species 
studied.  In  the  case  of  the  kidney 
and  the  muscle,  the  level  of  activity 
in  the  dog  is  higher  than  that  in  the 
rabbit,  while  in  the  case  of  the  brain, 
just  the  opposite  is  true.  In  each 
instance  the  difference  is  statistically 
significant.  Results  in  swine,  ob¬ 
tained  by  Glick  and  his  co-workers 
(1939:31)  are  in  the  range  found 
by  us  in  the  rabbit  and  the  dog. 

We  feel  that  this  preliminary 
study  is  of  great  aid  to  us  in  study¬ 
ing  further  the  effect  of  the  glyco¬ 
sides  on  this  enzyme.  We  have 
shown  (Proctor,  et  al.,  in  press) 


that  the  digitoxin  inhibition  of 
AcHase  results  from  either  irrever¬ 
sible  or  pseudo-irreversible  union  of 
the  digitoxin  with  the  enzyme.  Under 
such  conditions  the  inhibitor  vir¬ 
tually  ‘  ‘  titrates  ’  ’  the  enzyme,  and 
the  degree  of  inhibition  obtained 
depends  upon  the  concentration  of 
the  enzyme.  Thus  we  feel  that  the 
knowledge  of  the  distribution  of 
AcHase  activity  of  the  various  or¬ 
gans  will  be  definitely  of  value  in 
future  work.  Such  distribution  of 
AcHase  as  we  have  found  might 
imply  that  a  given  amount  of  digi¬ 
toxin  could  bring  about  a  pharma¬ 
cologically  significant  degree  of 
AcHase  inhibition  in  the  heart,  with¬ 
out  exerting  sufficient  effect  on  the 
enzyme  at  other  critical  sites  such 
as  the  brain,  gut,  etc.  to  manifest 
observable  pharmacological  change. 

Summary 

We  have  found  some  significant 
difference  in  AcHase  activity  be¬ 
tween  some  of  the  analogous  organs 
of  the  dog  and  the  rabbit.  Rabbit 
brain  has  higher  AcHase  activity 
than  dog  brain.  In  the  case  of  the 
kidney  and  the  muscle  just  the  con¬ 
verse  is  true.  AcHase  distribution 
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is  such  that  the  activity  of  the  brain, 
the  gut,  and  the  liver  surpasses  by 
far  that  of  heart,  kidney,  and  muscle. 
The  relationship  of  this  finding  to 
cardiac  glycoside  action  has  been 
discussed. 
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Previous  investigations  of  X-ray 
diffraction  methods  of  analysis  of 
liighly-hydrated  dolomitic  lime  have 
reported  an  accuracy  no  better  than 
10%,  when  compared  with  results 
of  other  chemical  methods  used  for 
the  quantitative  determination  of 
the  constituents  (Sprague,  1949). 
With  the  advent  of  more  advanced 
instrumentation,  the  X-ray  method 
is  becoming  more  and  more  accurate. 
This  report  demonstrates  that  more 
reliability  can,  therefore,  be  placed 
in  such  improved  instrumental  tech¬ 
niques  which  have  decided  advan¬ 
tages  in  other  respects. 

The  lime,  building,  fertilizer,  and 
chemical  industries  have  recently 
increased  their  demands  for  a  more 
reliable,  objective,  and  non-destruc¬ 
tive  method  of  analysis  of  limes  con¬ 
taining  mixtures  of  oxides,  hydrox¬ 
ides,  carbonates,  sulfates,  and  im¬ 
purities  such  as  silicates.  As  an  ex¬ 
ample  of  unsatisfactory  analytical 
procedures,  it  should  be  mentioned 
that  the  chemical  methods  of  anal¬ 
ysis  of  hydrated  dolomitic  limes  pro¬ 
posed  by  the  National  Bureau  of 
Standards  assume  a  distribution  of 
total  water  between  calcium  and 
magnesium  hydroxides  without  al¬ 
lowance  for  physically  absorbed 
moisture.  It  has  been  claimed,  in 
most  cases  unjustly,  that  residual 
MgO  hydrates  in  plasters  on  walls 


with  consequent  volume  change  and 
failure.  The  result  has  been  that 
the  dolomitic  lime  industry  has  suf¬ 
fered  serious  losses,  solely  on  the 
basis  of  a  method  of  chemical  anal¬ 
ysis,  even  though  X-ray  patterns 
have  demonstrated  the  presence  of 
MgO  in  plasters  up  to  several  hun¬ 
dred  years  old. 

The  present  investigation  repre¬ 
sents  an  extension  of  the  work  of 
Clark  and  Sprague  (1952:688)  and 
makes  use  of  a  new  recording  Geiger 
counter  X-ray  diffractometer,  the 
Spectron ,  manufactured  by  the  Ohio 
X-Bay,  Inc.  A  series  of  synthetic 
lime  samples  of  known  concentra¬ 
tions  of  five  constituents  common  to 
dolomitic  limes  was  analyzed  by  X- 
ray  diffraction  to  serve  as  standards 
for  the  preparation  of  working 
curves.  Samples  of  the  hydrates 
were  then  analyzed  by  similar  tech- 
niques  for  determination  of  the  per¬ 
centage  composition  of  each  major 
constituent  based  on  the  previously 
prepared  working  curves. 

Theory  of  the  X-ray  Method 

The  identification  and  quantita¬ 
tive  determination  of  the  actual  crys¬ 
talline  constituents  of  liighly-hydrat- 
ed  dolomitic  limes  offer  a  unique 
challenge  to  the  field  of  X-ray  dif¬ 
fraction  analysis;  since  chemical 
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methods  used  in  such  an  analysis 
are  tedious  and  time  consuming,  as 
well  as  difficult,  and  of  course  yield 
information  only  on  the  elementary 
composition  rather  than  the  mole¬ 
cular  species  actually  present  in  a 
complex  mixture. 

A  diffraction  pattern  may  serve 
for  quantitative  as  well  as  qualita¬ 
tive  analysis,  The  relative  inten¬ 
sities  of  the  lines  in  a  pattern  of  a 
substance  in  a  mixture  are  propor¬ 
tional  (except  for  certain  absorption 
effects)  to  the  amount  of  the  crystal¬ 
line  compound  present.  The  advan¬ 
tages  of  the  pattern  obtained  from 
the  automatically  recording  Geiger 
counter  X-ray  diffractometer  over 
the  photographic  film  technique  of 
recording  diffraction  patterns  lie  in 
greater  speed  of  operation  and  ease 
of  interpretation  and  in  the  direct 
evaluation  of  intensities  from  peak 
heights  which  for  patterns  on  films 
requires  the  additional  use  of  a  mi¬ 
crophotometer  (Clark,  et  al.,  1954: 
1413). 

When  more  than  one  substance 
in  the  same  sample  is  to  be  deter¬ 
mined  quantitatively  by  X-ray  dif¬ 
fraction  analysis,  the  use  of  a  single 
internal  standard,  which  involves 
comparison  of  the  intensity  of  a 

standard  and  an  unknown  line  very 

€/ 

close  together,  is  impractical ;  for 


the  strongest  lines  of  the  compounds 
in  these  limes  lie  over  an  angular 
range  of  25.65  to  50.85  degrees  two 
theta.  Therefore,  it  was  neeessarv 
to  prepare  working  curves  which 
relate  percentage  composition  of  a 
substance  to  relative  intensity  of  a 
diffracted  X-ray  beam  (in  arbitrary 
units)  based  on  the  analysis  of  spe¬ 
cially  prepared  synthetic  samples 
containing  Ca(OH)2,  CaC03,  Mg- 
(OH)2,  MgO,  and  CaS04.  Diffrac¬ 
tion  patterns  of  the  samples  of 
hydrated  dolomitic  lime  were  then 
similarly  analyzed,  and  the  diffrac¬ 
tion  intensities  obtained  were  used 
to  read  off  the  working  curves  the 
percentage  of  each  substance  in  the 
sample. 

Experimental  Methods  and 
Results 

Five  samples  of  dolomitic  lime 
hydrate  were  chemically  analyzed 
by  the  methods  previously  described 
(Clark  and  Sprague,  1952).  The 
results  are  given  in  Table  1.  The 
compositions  of  seven  synthetic  mix¬ 
tures  made  up  for  the  preparation 
of  working  curves  appear  in  Table  2. 

X-ray  analyses  of  the  synthetic 
mixtures  and  hydrates  were  car¬ 
ried  out  under  as  nearlv  uniform 

«/■ 

conditions  as  possible.  The  work 
was  done  in  an  angular  range  of 


Table  1. — Composition  of  Dolomitic  Hydrates  Calculated  from 

the  Chemical  Analysis. 


Hydrate 

Ca(OH)2 

CaC03 

Mg(OH)2 

MgO 

CaS04 

A . 

51.9% 

5.5% 

35.6% 

5.8% 

0.5% 

B . 

52.1 

5.2 

36.4 

5.2 

0.5 

C . 

49.6 

7.5 

38.4 

3.3 

0.7 

D . 

51.9 

3.6 

40.2 

1 .3 

2.7 

E . 

51.2 

5.0 

39.1 

3.3 

0.8 
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15  to  70  degrees  two  theta  and  with 
a  scan  speed  of  two  degrees  per 
minute.  A  time  constant  of  eight 
counts  per  second  was  used,  and 
this,  together  with  a  finely  collimat¬ 
ed  beam  system,  produced  patterns 
that  had  a  surprisingly  low  back¬ 
ground  count.  All  of  the  patterns 
were  run  with  radiation  from  a  cop¬ 
per  target  tube  under  excitation 
conditions  of  30  pKv  and  15  ma. 

A  special  sample  holder  was  de¬ 
signed  for  this  work,  patterned  after 
one  by  Simonsen  (Sept.,  1954),  in 
which  it  was  possible,  each  time,  to 
pack  the  sample  fairly  uniformly. 
The  holder  consists  of  two  brass 
plates  fitted  together  in  a  vise,  with 
a  carefully  machined  slot  in  which 
the  sample  could  be  inserted  and 
packed  with  a  brass  tamping  pin. 
The  plates  could  then  be  separated 
from  the  molded  sample.  The  ap¬ 
parent  disadvantage  is  the  possibil¬ 
ity  of  destroying  some  of  the  random 
orientation  of  powder  grains  by  this 
technique  of  packing  a  sample  for 
analysis,  and  indeed,  this  proved  to 
be  the  case  in  one  or  two  instances. 

As  shown  in  Table  3,  a  diffraction 
peak  was  chosen  for  each  constituent 
in  the  synthetic  series  for  later  re¬ 
lation  of  its  corrected  line  intensity 
to  percentage  composition  in  un¬ 
knowns. 


Table  3. — Chosen  Diffraction  Line  for 
Constituents  in  Synthetic  Mixtures. 


Substance 

Angle  (20) 

d-spacing 

Ca(OH)2 . 

34.25° 

2.62A 

CaC03 . 

29.50° 

3 .03  A 

Mg(OH)2 . 

50.85° 

1.80A 

MgO . 

43 . 05  ° 

2.10A 

CaS04 . 

22 . 65  ° 

3.48A 

The  corrected  intensity  values 
(obtained  by  subtracting  back¬ 
ground  count  from  the  linear  inten¬ 
sity  value)  when  plotted  versus  com¬ 
position,  with  one  or  two  exceptions, 
gave  excellent  linear  working  curves. 
Figure  1  shows  the  working  curve 
for  Mg  (OH)  2  obtained  by  this 
method.  Similar  working  curves 
were  plotted  for  CaC03,  MgO, 
CaS04,  and  Ca(OH)2. 

It  should  be  mentioned  that  plani- 
meter  methods  for  measuring  rela¬ 
tive  intensity  values  from  the  areas 
under  peaks  on  the  chart  gave  no 
better  results;  they  were  abandoned 
as  unnecessarily  tedious. 

Analyses  of  the  hydrate  samples 
were  carried  out  by  identical  sam¬ 
ple  preparations  and  diffraction 
techniques,  with  subsequent  relation 
of  the  intensity  values  for  the  same 
chosen  maxima  of  five  constituents 
to  the  working  curves  to  determine 


Table  2. — Composition  of  Synthetic  Mixtures  for  Preparation  of  Working  Curves. 


Synthetic  mixtures 

Ca(OH)2 

CaC03 

Mg(OH)2 

MgO 

CaS04 

50 . 

49.0% 

8.0% 

35.0% 

7.6% 

none 

51 . 

49.5 

7.0 

36.0 

6.0 

1.1% 

52 . 

50.0 

6.0 

37.0 

5.0 

1.6 

53 . 

50.5 

5.0 

38.0 

4.0 

2.1 

54 . 

51.0 

4.0 

39.0 

3.0 

2.6 

55 . 

51.5 

3.0 

40.0 

2.0 

3.1 

56 . 

52.0 

2.0 

41.0 

1.0 

3.5 
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WORKING  CURVE  (SYNTHETIC  MIXTURES) 
Mg  (OH)2  (1.80  A  LINE) 


Figure  1. 

the  percentage  composition  of  each 
constituent  in  the  hydrate.  A  typi¬ 
cal  hydrate  analysis  appears  in 
Table  4. 

Although  the  chemical  analysis 
listed  0.5%  CaS04  in  this  particular 
sample  of  hydrate  A,  none  was  de¬ 


tected  by  X-rays.  It  is  interesting 
to  note  that  the  only  hydrate  sample 
in  which  CaS04  was  detected  was 
one  in  which  the  calcium  sulfate 
exceeded  2%.  (All  others  contained 
less  than  1%  CaS04).  However,  in 
the  standard  series,  CaS04  was  de¬ 
tected  in  quantities  as  low  as  1.6%. 
The  deviation  of  the  X-ray  analysis 
of  each  sample  from  the  chemical 
analysis  is  listed  in  Table  5. 

For  the  five  hydrates  the  average 
percentage  concentrations  were  : 
Ca  (  OH  )  2,  51.0%;  Mg  ( OH  )  2, 
36.0%  ;  MgO,  4.0%  ;  CaS04,  2.0%  ; 
and  CaC03,  5%.  From  considera¬ 
tion  of  the  values  listed  in  Table  5, 
it  is  obvious  that  the  larger  the  rela¬ 
tive  percentage  composition,  the 
smaller  the  probability  of  percentage 
deviation.  This  is  shown  to  be  true 
for  the  analysis  of  the  Ca(OH)2  and 
Mg(OH)2.  There  is  no  doubt  that 
exposure  to  air  will  offer  difficulty, 
as  the  samples  are  sensitive  to  car¬ 
bon  dioxide  and  moisture.  This  may 
account  partially  for  the  rather  large 
deviations  for  the  MgO  and  CaC03. 


Table  4. — Comparison  of  X-ray  and  Chemical  Analyses  of  Hydrate  A. 


Substance 

%  cone,  by 

%  cone,  by 

%  difference 

and  line 

X-ray 

chem.  anal. 

Ca(OH)2 

50.5 

51.9 

2.3 

2.62A 

CaC03 

4.1 

5.5 

25.0 

3.03a 

Mg(OH)2 

35.4 

35.6 

0.6 

1.80A 

MgO 

6.1 

5.8 

5.9 

2.1A 

CaSO, 

0.5 

•  •  • 

3.48A 
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Table  5. — Percentage  Deviation  of  Analysis  by  X-ray  from  Analysis 

by  Chemical  Methods. 


Hydrate 

Ca(OH)2 

Mg  (OH)  2 

MgO 

CaSO.i 

CaC03 

A . 

2.3 

0.6 

5.9 

25.0 

B . 

5.0 

1.6 

7.6 

.... 

7.6 

(’ . 

0.4 

6.5 

15.1 

22.6 

D . 

1.9 

5.4 

14.9 

22.2 

E . 

2.3 

. .  . 

9.2 

.... 

10.0 

It  should  be  pointed  out  that,  as 
the  concentration  exceeded  2%,  the 
compound  was  readily  detected  by 
X-rays.  Previous  contentions  had 
been  that  the  compound  had  to  be 
in  excess  of  5%.  Sprague  in  earlier 
work  (1949)  was  not  able  to  detect 
below  a  5%  concentration  in  the 
sample. 

A  qualitative  comparison  of  the 
results  of  the  chemical  analyses  of 
the  mixtures  with  the  results  by 
X-ray  diffraction  in  this  study  is 
shown  in  Table  6.  The  table  is  read 
as  follows :  For  the  constituent 
Ca(OH)2,  the  chemical  analysis 
showed  that  the  concentration  of 
Ca(OH)2  was  greater  in  hydrate 
sample  A  than  in  D,  E,  B,  or  C,  in 
the  order  of  decreasing  amounts. 
For  the  X-ray  analysis  of  the  same 
constituent,  the  percentage  concen¬ 
tration  was  greater  in  B  than  in  A, 
D,  E,  or  C.  From  such  a  table  it 
can  be  readily  seen  that  agreement 
is,  in  general,  good.  There  are  only 
three  discrepancies  in  the  results  of 
X-ray  and  chemical  analyses.  Of 
course,  there  is  no  assurance  that 
the  chemical  analyses  as  reported 
are  correct,  since  the  analyses  de¬ 
pend  upon  a  Bureau  of  Standard’s 
assumption  of  the  distribution  of 
water  in  the  hydrates.  It  is  felt 
that  the  X-ray  method  is  a  superior 


method,  in  that  it  is  independent  of 
any  such  assumption.  There  is  also 
the  possibility  of  the  change  in  com¬ 
position  due  to  exposure  to  the  at¬ 
mosphere  between  the  time  of  anal¬ 
ysis  by  chemical  and  X-ray  methods. 

The  results  obtained  appear  to  be 
in  better  agreement  and  far  more 
precise  than  those  earlier  reported 
(Clark  and  Sprague,  1952).  This 
is  probably  due  to  the  use  of  a  new 
X-ray  diffraction  unit  and  spectro¬ 
meter,  which  was  capable  of  more 
precise  collimation,  as  well  as  the 
unique  sampling  procedure  utilized. 


Table  6. — Comparison  of  Results  of 
Analyses  by  X-ray  and  by  Chemical 
Methods. 


Cliem. 

A 

Ca(  OH)2 

D  E 

B 

C 

X-Ray 

B 

A  D 

E 

C 

Cliem. 

C 

CaC03 

B  E 

D 

A 

X-Ray 

C 

A  B 

E 

D 

Chem. 

D 

Mg(OH), 

C  B 

A 

E 

X-Ray 

D 

E  C 

B 

A 

Chem. 

A 

MgO 

B  E 

C 

D 

X-Ray 

A 

B  E 

C 

D 

Chem. 

D 

CaSOi 

E  C 

B 

A 

X-Ray 

D 

(others 

not  detected) 
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Further,  it  seems  possible,  and  high¬ 
ly  probable,  that  the  method  could 
be  made  more  accurate,  if  sampling 
errors  and  orientation  of  the  sample 
from  packing  could  be  reduced  to 
a  minimum.  It  might  also  prove 
valuable  to  work  in  an  atmosphere 
of  helium  or  nitrogen,  since  the  sam¬ 
ples  are  somewhat  unstable  in  air. 

Since  all  of  the  samples  were  de¬ 
termined  by  X-ray  analysis  with  a 


reproducibility  such  that  successive 
runs  deviated  less  than  2%  from 
each  other  and  since  most  of  the  re¬ 
sults  deviated  from  chemical  anal¬ 
ysis  less  than  10%,  and  many  less 
than  5%,  more  reliability  may  now 
be  placed  on  X-ray  methods  of  quan¬ 
titative  analysis,  with  its  great  com¬ 
pensating  factors  of  speed  and  sim¬ 
plicity  as  compared  with  classical 
methods  of  chemical  analysis. 
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Introduction 

The  term  detergent  in  the  broad 
sense  applies  to  almost  any  type  of 
cleaning  agent.  However,  more  spe¬ 
cifically  the  term  usually  implies 
the  use  of  synthetic  substitutes  for 
soaps.  The  first  detergent  intro¬ 
duced  into  this  country  in  the  early 
1930’s  was  “Dreft”,  and  since  then 
many  other  sulfates  (R-0-S03Na) 
or  sulfonates  (R-C6H4-S03Na)  have 
been  developed ;  at  the  present  time 
the  sale  of  detergents  exceeds  that 
of  soaps.  These  sulfated  and  sul- 
fonated  products  are  usually  re¬ 
ferred  to  as  the  anionic  type  since 
the  hydrophobic  group  possesses  a 
negative  charge.  Another  class  of 
detergents,  where  the  hydrophobic 
groups  are  positively  charged,  has 
received  less  attention,  possibly  for 
economic  reasons  and  because  of 
their  limited  use  in  acidic  solutions. 
These  detergents  are  referred  to  as 
the  cationic  type  (R-N  (R')2H+  Cl") 
and  possess  a  quaternary  ammonium 
structure  with  at  least  one  long  chain 
aliphatic  R  group.  The  principle  ad¬ 
vantage  of  the  cationic  detergents 
is  their  bactericidal  activity. 

Schoeller  and  Wittwer  (1934) 
were  granted  a  U.S.  patent  on  tex¬ 
tile  detergents  wherein  the  hydro- 
phobic  group  R  is  still  a  long  chain 
aliphatic  alcohol  or  acid,  but  the 
hydrophilic  group  consists  of  a 
polymerized  ethenoxy  chain  of  suf¬ 
ficient  length  to  make  the  fatty 


group  soluble  in  water.  Since  no 
ionic  linkages  are  involved,  these 
substances  have  been  referred  to  as 
nonionic  ( R-O-  ( CH2-CH2-0 )  n-H ) 
detergents.  Following  the  Second 
World  War  these  detergents  were 
successfully  introduced  and  market¬ 
ed  in  this  country  for  automatic 
laundering  and  dishwashing  ma¬ 
chines.  One  of  the  main  reasons  for 
the  growing  market  for  these  sub¬ 
stances  is  their  tendency  to  produce 
low-foam,  sometimes  referred  to  as 
“controlled  sudsing”,  which  is  de¬ 
sirable  in  automatic  equipment,  and 
their  excellent  cleaning  properties, 
particularly  when  admixed  with  al¬ 
kaline  builders  such  as  polyphos¬ 
phates,  silicates,  carbonates,  etc. 
(See  Metziger  and  Ivarabinos  (1956) 
for  a  review  of  these  builders).  Since 
very  hard  water,  such  as  is  found 
in  most  of  Illinois,  produces  a  detri¬ 
mental  effect  due  to  the  precipita¬ 
tion  of  calcium  and  magnesium  salts 
of  anionic  detergents  and  soaps,  the 
nonionic  polyoxyethylene  detergents 
would  be  more  desirable  since  one 
would  expect  them  to  be  much  less 
affected  by  these  factors.  This  paper 
includes  some  general  information 
on  this  group  of  detergents,  as  well 
as  a  description  of  recent  experi¬ 
ments  carried  out  in  this  laboratory. 

Nonionic  Detergents  of 
Industrial  Importance 

Tall  Oil. — Polyoxyethylene  esters 
produced  from  tall  oil,  a  fatty  acid- 
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rosin  acid  mixture  obtained  from  the 
pine  wood  paper  pulp  industry,  rep¬ 
resent  the  largest  fraction  of  non¬ 
ionics  being  manufactured  at  the 
present  time.  The  main  reason  for 
their  usage  is  the  relative  low-cost 
of  this  hydrophobic  base,  as  well  as 
the  excellent  detergent  properties  of 
the  resultant  mixture.  The  fatty 
acids  (50-70%)  of  tall  oil  consist 
mainly  of  oleic  and  linoleic  acids, 
and  the  rosin  acids  (30-50%)  are 
comprised  of  a  half-dozen  or  more 
acids  related  to  abietic  (Ball  and 
Vardell,  1951:137).  The  hydropho¬ 
bic  group  in  most  of  the  nonionics 
is  usually  condensed  with  ethylene 
oxide,  under  low  pressure  and  in  the 
presence  of  an  alkaline  catalyst  such 
as  potassium  carbonate  or  hydrox¬ 
ide,  until  the  length  of  the  polymer¬ 
ized  chain  is  sufficient  to  solubilize 
the  fatty  portion  of  the  molecule. 
Detergency  studies  with  tall  oil  with 
respect  to  ethenoxy  chain  length 
(Stoltz,  et  al.,  1953:271)  as  well  as 
with  fatty  alcohols  (Karabinos,  et 
al.,  1954:419),  fatty  acids  (Ballun, 
et  al.  1954  :20),  and  a  sistosterol  mix¬ 
ture  (Karabinos  and  Ballun,  1954b: 
136)  have  been  carried  out  and  in¬ 
dicate  that  for  each  carbon  atom 
in  the  hydrophobic  portion  of  the 
molecule  approximately  two-thirds 
of  an  ethylene  oxide  unit  is  required 
for  complete  solubility  and  optimum 
detergency.  For  example,  approxi¬ 
mately  13  ethenoxy  units  are  re¬ 
quired  for  tall  oil  which  averages 
about  19-20  carbon  atoms.  Another 
way  of  expressing  this  relationship 
is  that  one  part  by  weight  of  hydro¬ 
phobe  requires  two  parts  of  ethylene 
oxide.  Further  addition  of  ethylene 
oxide  has  no  beneficial  effect  upon 
detergency  and  in  some  cases,  par¬ 
ticularly  with  hydrophobic  groups 


of  lower  molecular  weight,  an  ad¬ 
verse  effect  was  noted,  probably  as 
a  result  of  dilution.  Substitution 
of  the  groupings,  either  on  the  al¬ 
coholic  end  group  or  on  the  hydro¬ 
phobic  part  of  the  molecule,  did  not 
enhance  detergency  (Ivapella  et  al., 
1954:392)  and  in  some  cases  substi¬ 
tution  proved  to  be  deleterious.  The 
analyses  of  tall  oil  nonionics  with 
relation  to  ethenoxy  content  were 
carefully  studied  (Ballun  et  al., 
1955:81)  as  was  the  correlation  of 
physical  properties  such  as  surface 
tension,  density,  refractive  index, 
etc.  with  ethenoxy  chain  length 
(Cronin  et  al.,  1955:196).  The 
ethenoxy  chain  length  of  the  tall 
oil  non  ionics  can  also  be  determined 
by  a  cloud  point  method  or  by  the 
Rast  molecular  weight  determination 
using  camphor  (Karabinos  et  al., 
1955:49).  Knowing  the  nature  of 
the  hydrophobic  group  is  always 
helpful.  From  this  standpoint  it 
seems  worthwhile  to  mention  that  a 
tall  oil  nonionic  can  be  differentiat¬ 
ed  from  other  nonionics  as  well  as 
from  the  anionic  detergents  using 
a  series  of  qualitative  tests  (Kara¬ 
binos  et  al.,  1954:41).  The  main  tall 
oil  nonionics  manufactured  today 
are  “Sterox  CD”  (Monsanto), 
‘ ‘ Renex  20”  (Atlas)  and  “Teox 
120”  (Blockson).  For  actual  deter¬ 
gent  usage  these  products  are  usual¬ 
ly  blended  with  the  aforementioned 
alkaline  builders  (Harris,  1951; 
Harris  and  Kosmin,  1951)  to  pro¬ 
duce  saleable  powders.  For  exam¬ 
ple,  Monsanto’s  “All”  is  rapidly 
expanding  into  the  automatic  wash¬ 
ing  machine  field,  and  many  other 
similar  products  are  sold  under  a 
large  variety  of  local  trade  names. 
It  might  also  be  mentioned  that  tall 
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quite  dark  in  color  and  decoloriza- 
tion  can  be  accomplished  by  addition 
of  ozone  or  hydrogen  peroxide 
(Karabinos  and  Ballun,  1954a  :71). 

Alkyl  Phenol. — Diisobutylene  or 
tripropylene  from  the  petroleum  in¬ 
dustry  is  condensed  in  a  Friedel- 
Crafts  reaction  to  produce  the  iso¬ 
meric  octyl  or  nonylphenols,  respec¬ 
tively.  These  phenolic  hydrophobic 
groups  are  treated  with  ethylene 
oxide  in  a  manner  similar  to  that 
used  for  tall  oil,  and  the  polyoxy¬ 
ethylene  alkylphenates  produced 
represent  another  large  group  of 
nonionic  detergents.  When  admixed 
with  alkaline  builders  these  sub¬ 
stances  likewise  produce  excellent 
detergent  mixes  (Harris,  1950). 
However,  the  higher  cost  of  produc¬ 
ing  alkylphenols  prevents  them  from 
being  competitive  with  the  tall  oil 
nonionics.  Some  of  the  common  al- 
kylphenol  based  nonionics  are  sold 
under  the  trade  names  of  “Igepal” 
(Antara),  “Oronite  Dispersant” 
( Oronite)  and  ‘  ‘  Triton  ’  ’  (Rohm  and 
Haas)  and  are  employed  in  textile 
processing  as  well  as  in  specialties. 

Fatty  Acids  and  Alcohols.  —  A 
number  of  fatty  acids  such  as  stearic 
and  oleic,  as  well  as  fatty  alcohols 
derived  from  these  acids,  are  mar¬ 
keted  by  a  variety  of  companies. 
Those  with  a  lower  ethylene  oxide 
content  are  sold  as  emulsifiers  for 
fats,  and  the  water  soluble  products 
could  find  use  in  detergent  mixtures 
if  the  price  of  fatty  acids  becomes 
competitive.  This  is  a  distinct  pos¬ 
sibility  since  the  price  of  tallow  has 
been  dropping  steadily.  One  prod¬ 
uct  of  recent  interest  is  the  primary 
tridecyl  alcohol  obtained  from  the 
oxo-process  using  the  petroleum  in¬ 
dustry’s  tetrapropylene.  This  lat¬ 
ter  hydrophobe  likewise  forms  a 


polyoxyethylene  ether  of  consider¬ 
able  interest,  particularly  in  the 
higher-foaming,  liquid,  hand-dish- 
washing  compositions. 

Thioethers. — Recently  the  tertiary 
dodecyl  mercaptans  have  become 
available,  presumably  from  the 
above  mentioned  tetrapropylene. 
Condensation  of  the  mercaptan  with 
ethylene  oxide  likewise  produces  a 
polyoxyethylene  dodecyl  thioether 
(Durgin,  1952).  Some  of  the  more 
common  thioethers  are  known  under 
the  trade  names  “Nonic”  (Shar¬ 
pies)  and  “Sterox  SK”  (Mon¬ 
santo).  They  are  recommended  for 
textile  processing  and  in  dishwash¬ 
ing  compositions.  However,  one 
drawback  seems  to  be  the  instabilitv 

C- 

of  the  thioether  linkage  to  oxidizing 
agents. 

Propylene  Oxide. — A  very  inter¬ 
esting  group  of  nonionic  detergents 
are  the  “Pluronics”  manufactured 
by  the  Wyandotte  Corp.  (Vaughn 
et  al.}  1952:240).  A  hydrophobic 
polyoxypropylene  glycol  is  made  by 
polymerizing  propylene  oxide  and 
this  is  condensed  with  ethylene 
oxide.  The  “Pluronics”  are  rec¬ 
ommended  for  dishwashing  com¬ 
pounds,  textile  soaping-off  prints 
and  in  dye  levelling. 

One  of  the  advantages  of  these 
substances  is  that  they  can  be  pro¬ 
duced  as  a  free-flowing  powder 
which  is  more  easily  mixed  with  in¬ 
organic  constituents  than  are  viscous 
oils.  Plowever,  as  with  some  of  the 
other  nonionics,  the  cost  of  this  de¬ 
tergent  is  not  competitive  for  gen¬ 
eral  usage. 

Miscellaneous. — A  number  of 
modifications  of  nonionic  detergents 
have  also  been  marketed.  For  ex¬ 
ample,  a  fatty  acid  such  as  stearic 
is  esterified  with  sorbitan,  an  an- 
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hydride  of  sorbitol,  and  the  result- 
ant  product  is  condensed  with  ethyl¬ 
ene  oxide  to  form  a  polyoxyethylene 
sorbitan  monostearate.  These  sub¬ 
stances  known  as  the  “Tweens” 
(Atlas)  are  mainly  used  as  emulsi¬ 
fiers,  particularly  in  the  food  indus¬ 
try.  Similar  derivatives,  e.g.  poly¬ 
oxyethylene  sorbitol  laurate  known 
as  “Atlox”  and  a  polyoxyethylene 
sorbitol-beeswax,  are  also  marketed 
by  the  same  firm.  The  former  is 
used  in  formulating  agricultural 
chemicals  and  the  latter  is  recom¬ 
mended  as  an  emulsifier  for  cos¬ 
metics. 

In  some  instances  a  smaller  quan¬ 
tity  of  ethylene  oxide  is  condensed, 
for  example  with  an  alkylphenol, 
and  the  alcohol  group  is  esterified 
with  sulfuric  acid  to  form  a  polyoxy¬ 
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ethylene  alkylphenol  sulfate.  One 
such  product  is  known  as  “Alipal” 
(Antara),  and  although  this  sub¬ 
stance  is  essentially  an  anionic  de¬ 
tergent  it  is  mentioned  here  to  show 
the  type  of  modifications  which  can 
be  made  with  nonionic  detergents. 
The  sulfated  derivatives  produce 
much  higher  foaming  and  hence  are 
useful  in  hand  dishwashing  and  in 
shampoos. 

Hydration  of  Nonionic 
Detergents 

From  polarimetric  studies  (Kara- 
binos,  Hazdra  and  Ballun,  1955)  in 
this  laboratorjq  it  appears  quite  like¬ 
ly  that  the  nonionic  detergents  exist 
in  a  hydrated  state  in  aqueous  solu¬ 
tion  ;  furthermore,  it  also  appears 
that  the  detergent  properties  of 


Fig.  1. — Tempeiature  rise  obtained  upon  addition  of  water  to  several  nonionics: 
A,  tall  oil  ester  (8.6  ETO)  ;  B,  nonylphenol  ether  (11.0)  ;  C,  tall  oil  ester 

(12.4)  ;  D ,  tall  oil  ester  (17.1). 
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these  substances  are  largely  due  to 
the  presence  of  water  molecules. 
For  example,  detergency  experi¬ 
ments  in  non-aqueous  solutions  or 
where  the  hydration  has  been  sup¬ 
pressed  (Karabinos,  Kapella,  Fer- 
lin  and  Sawhill,  1955)  strongly  indi¬ 
cate  the  necessity  of  this  hydration 
for  detergency.  Nonionics  undergo 
interesting  viscosity  changes  (Kara¬ 
binos  and  Ballun,  1955)  when  ad¬ 
mixed  with  water,  and  the  changes 
seem  to  depend  largely  on  the  nature 
of  the  hydrophobic  group  rather 
than  on  the  ethenoxy  chain  length. 

Heat  of  Hydration  Experiments 

When  water  is  added  to  the  ethyl¬ 
ene  oxide  nonionics,  a  considerable 
amount  of  heat,  apparently  due  to 
hydration,  is  given  off.  If  one  as¬ 
sumes  that  a  maximum  temperature 
rise  would  be  obtained  when  an  op¬ 
timum  quantity  of  water,  represent¬ 
ing  stoichiometric  proportions,  has 
been  added  to  the  polyglycol,  one 
may  infer  that  these  proportions 
represent  the  formation  of  a  definite 
hydrate.  AVitli  this  in  mind,  200- 
gram  portions  of  several  ether  and 
ester  nonionics  were  diluted  with 
varying  amounts  of  distilled  water, 
and  rises  in  temperature  were  ac¬ 
curately  measured  with  a  calori¬ 
meter.  The  temperatures  of  both 


the  water  and  the  nonionic  were  ad¬ 
justed  to  28  °C  before  addition,  and 
the  maximum  temperature  after 
dilution  was  recorded,  usually  after 
several  minutes.  The  difference  be¬ 
tween  the  initial  and  final  tempera¬ 
tures  (heat  rise)  upon  dilution  is 
illustrated  in  Figure  1  for  several 
nonionics  from  tall  oil  containing 
8.6  (A),  12.4  (C),  and  17.1  (D) 
mols  of  ethylene  oxide,  respectively, 
as  well  as  a  nonionic  from  nonyl- 
phenol  (B)  containing  11  ethenoxy 
units.  (The  preparation  and  deter¬ 
mination  of  the  chain  length  of  the 
tall  oil  nonionics  is  described  in  an¬ 
other  article,  Ballun  et  al.,  1955  :81). 
It  would  thus  appear  that  a  maxi¬ 
mum  temperature  rise  is  obtained 
in  each  case  and  the  optimum 
amount  of  water  indicated  in  Fig¬ 
ure  1  combining  with  200  gms.  of 
nonionic  is  shown  in  Table  1  in  com¬ 
parison  with  the  theoretical  amount 
of  water  necessary  to  hydrate  each 
nonionic  to  the  extent  of  two  mole¬ 
cules  of  water  for  each  oxygen  atom 
in  the  hydrophilic  chain. 

From  this  experiment  it  would 
appear  that  at  least  two  mole¬ 
cules  of  water  are  combined  in  some 
type  of  hydrate  formation  with  each 
ethylene  oxide  unit.  This  water  of 
hydration  or  association  then  be¬ 
comes  an  integral  part  of  the  non- 


Table  1. — Heat  Rise  Upon  Addition  of  Water  to  Nonionics. 


Designation 
from  Fig.  1 

Hydrophobe 

Ave.  no. 
ethenoxy 
units 

Mol. 

wt. 

Grams  water 

Theory  for 

2  H20/oxygen 

•/200  gms.  nonionic 

Obtained  from  max. 
heat  rise  (Fig.  1) 

A . 

tall  oil . 

8.6 

668 

92.5 

90 

B . 

nonylphenol 

11.0 

704 

112 

110 

C . 

tall  oil . 

12.4 

836 

107 

110 

D . 

tall  oil . 

17.1 

1043 

118 

120 
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ionic  molecule  in  aqueous  solution. 
The  concept  of  solvation  of  non¬ 
ionics  is  not  new,  since  it  lias  been 
surmised  on  the  basis  of  inverse  solu¬ 
bility,  i.e.  decreasing  solubility  of 
polyoxyethylene  glycol  ethers  and 
esters  with  rise  in  temperature  of 
their  aqueous  solutions.  However, 
the  extent  of  solvation  in  concentrat¬ 
ed  aqueous  solution  seems  to  be  indi¬ 
cated  by  the  heat  of  hydration  ex¬ 
periment. 

Viscosity  and  turbidity  studies  in 
dilute  solutions  of  a  polyoxyethylene 
alkylphenol  indicate  that  hydrated 
spherical  micelle  is  formed,  consist¬ 
ing  of  about  140  detergent  molecules 
oriented  radially  and  entrapping 
some  6000  molecules  of  water  or 
about  4  water  molecules  for  each 
oxygen  atom  (Kushner  and  Hub¬ 
bard,  1954:1163).  This  is  not  incon¬ 
sistent  with  the  above  studies  car¬ 
ried  out  in  concentrated  detergent 
solutions. 

Structure  of  Nonionics  in 
Aqueous  Solution 

From  previous  viscosity  and  N- 
ray  studies  (Curme  and  Johnston, 
1952:180)  on  polyethylene  glycols 
it  was  well  established  that  the  lower 
polymers  exist  in  a  “zig-zag”  form 
(I)  while  the  higher  polymers  pos¬ 
sess  a  “meandering”  form  (II). 

By  analogy  these  formulae  un¬ 
doubtedly  apply  to  the  polyglycol 


esters  and  ethers,  except  that  in  aqu¬ 
eous  solution  the  following  type  of 
hydrate  (H20  =  (-j-  — )  )  exists 
probably  in  both  “zig-zag”  (III) 
and  “meandering”  (IV)  forms. 

Thus,  it  would  seem  the  hydro- 
phobic  unit  is  solubilized  not  so 
much  by  the  polyglycol  chain  itself 
as  by  the  hydrated  hydrophilic 
group.  Furthermore,  the  hydro¬ 
philic  group  quite  possibly  attains 
a  somewhat  negative  character  clue 
to  the  ring  of  hydrate  groups.  To 
be  sure,  the  hydrophilic  group 
would  not  be  as  negatively  charged 
as,  for  example,  the  sulfate  group 
of  an  anionic,  but  the  hydrated 
polyglycol  possibly  behaves  as  a  very 
weak  anionic  in  solution,  if  not  of 
itself  then  by  virtue  of  a  micellular 
structure.  Experiments  with  a  poly¬ 
oxyethylene  alkylaryl  ether  (Fine- 
man  and  Kline,  1953:288)  in  0.1  - 
1%  aqueous  solution  indicated  that 
charged  metals  exhibited  rapid  soil 
removal  from  the  cathode  and  no 
removal  from  the  anode,  thus  indi¬ 
cating  some  ionic  character  for  the 
nonionic.  Similar  results  were  not¬ 
ed  with  a  charged  fiber  such  as  nylon 
by  altering  the  pH. 

However,  it  should  be  noted  that 
the  polyglycols,  like  the  anionic  de¬ 
tergent,  also  possess  micelle  struc¬ 
ture  in  dilute  solution.  Cryscopic 
evidence  (Gonick  and  McBain,  1947  : 
334)  with  an  alkylaryl  polyethylene 
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Fig.  2. — Hydrated  nonionics. 


oxide  and  non  a  ethylene  glycol 
monolaurate,  as  well  as  viscosity  and 
other  experiments  (Goto  et  al.,  1954: 
73)  with  fatty  alcohol  poly  glycol 
ethers,  suggested  that  nonionic  de¬ 
tergents,  like  anionic,  are  charac¬ 
terized  by  micelle  formation,  a 
“critical  concentration”  for  the  for¬ 
mation  of  micelles  and  expansion 
of  the  micelle  structure  with  dilu¬ 
tion.  X-ray  diffraction  patterns 
(Curme  and  Johnston,  1952:180) 
also  indicated  similarity  of  the  non¬ 
ionic  micelles  to  those  of  colloidal 
electrolytes.  That  water  was  neces- 
sar}^  for  micelle  formation  of  pure 
fatty  alcohol  polyglycol  ethers  was 
demonstrated  by  X-ray  data  (Schul- 
man  et  al.,  1951:117).  Petroleum 
ether  solutions  of  the  detergents 
showed  no  main  X-ray  diffraction 
spacing  even  in  high  concentrations, 
but  addition  of  water  immediately 
produced  viscous  birefringent  sys¬ 
tems  with  comparatively  sharp  X- 
ray  bands.  A  system  with  a  single 
surface-active  component  gave  evi¬ 


dence  of  an  ordered  lamellar  struc¬ 
ture  that  became  heterogeneous  if 
the  molar  ratio  of  water  to  ethylene 
oxide  units  exceeded  1 :1.  Systems 
containing  mixed  components,  as  do 
most  of  our  common  nonionic  deter¬ 
gents,  showed  disorder  correspond¬ 
ing  to  the  following  proposed  transi¬ 
tions  :  lamellae^cylinders— ^spheres. 

Behavior  of  Nonionics  with 
Phenols 

Earlier  investigators  (Weiden  and 
Norton,  1953  :606 ;  and  Livingston, 
1954:365)  have  noted  that  nonionics 
may  be  “salted-out”  from  aqueous 
solution  by  addition  of  phenol  and 
that  some  kind  of  insoluble  complex 
is  formed.  This  information  has 
been  applied  to  the  determination  of 
the  polyoxyethylene  chain  length  of 
nonionics  (Karabinos,  1955  :50),  par¬ 
ticularly  where  the  nature  of  the 
hydrophobic  group  is  known.  Pre¬ 
sumably  the  hydrated  water  mole¬ 
cules  of  a  nonionic  are  replaced  by 
phenol. 


R-(0-CH„-CH  -)nOH 

\ 


R-(0-CH,-CH,-)I10H  + 

\ 

H,0 


nC0H5OH 


CcH5OH 


Non  ion ic  D e terge nts 
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Determinations  of  freezing  points 
of  various  compositions  of  nonionics 
with  phenol  have  been  carried  out 
in  this  laboratory  by  A.  T.  Ballun. 
Eutectics  of  nonionics  with  several 
dihydric  phenols  were  carried  out 
by  Lillian  Barnas  and  Paula  Mont- 
alto  at  the  College  of  St.  Francis. 

The  freezing  points  of  various 
compositions  of  nonionics  with  phe¬ 
nol  were  measured  by  melting  the 
anhydrous  detergent  with  phenol 
and  following  the  rate  of  cooling, 
i.e.  the  time-temperature  curves  at 


each  composition  using  an  evacuated 
Dewar  and  a  dry-ice  acetone  bath. 
These  curves  were  analyzed,  and 
the  melting  points  obtained  at  each 
composition  when  plotted  showed 
eutectic  formation  between  the  phe¬ 
nols  and  nonionics.  These  curves 
are  illustrated  on  Figure  3. 

The  polyoxyethylene  nonionics 
were  prepared  according  to  the  di¬ 
rections  previously  published  (Kara- 
binos  et  al.,  1954:419).  It  should  be 
noted  that  in  Figure  3  and  in  Table 
2  the  octadecyl  ether  (6.5)  refers  to 


OCTADECYL  ETHER  (6.5  ETO)  OCTADECYL  ETHER  (10.5  ETO) 


%  NONIONIC  DETERGENT 

Fig.  3.— Eutectic  diagrams  of  several  nonionics  with  phenol. 
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Table  3. — Eutectic  Formation  of  Nonionic  Detergents  with  Phenol. 


Composition 
eutectic  point 

Number 

ethenoxy 

% 

% 

Moles  phenol  per 

Moles  phenol  per 

units 

phenol 

nonionic 

mole  nonionic 

ethenoxy  group 

Octadecyl  ether.  .  . 

(6.5) 

70 

30 

13.7 

2.1 

Octadecyl  ether.  .  . 

(10.4) 

60 

40 

11.6 

1.1 

Octadecyl  ether.  .  . 

(14.1) 

63 

37 

17.9 

1.3 

Stearic  ester . 

(14.0) 

60 

40 

14.4 

1.0 

a  polyoxyethylene  nonionic  wherein 
6.5  moles  of  ethylene  oxide  was  con¬ 
densed  with  1  mole  of  octadecyl  al¬ 
cohol.  The  number  of  moles  of 
ethylene  oxide  probably  represents 
an  average  number  according  to 
previously  published  work  on  the 
poly  glycols  themselves  (see  Curme 
and  Johnston,  1952:180). 

From  the  data  shown  in  Figure  3, 
it  would  seem  that  when  nonionics 
are  mixed  with  phenol,  eutectic  mix¬ 
tures  are  formed  at  compositions 
corresponding  to  either  one  or  two 
moles  of  phenol  for  each  ethenoxy 
unit  depending  on  the  ethenoxy 
chain  length.  These  data  are  sum¬ 
marized  in  Table  3. 

From  these  four  experiments,  one 


may  speculate  that  where  the  ethe¬ 
noxy  chain  is  short  (6.5  ethylene 
oxide  units)  and  the  product  is  not 
water  soluble,  two  moles  of  phenol 
combine  with  each  oxygen  to  form 
a  eutectic  point.  With  the  remain¬ 
ing  three  products,  where  the  non¬ 
ionic  is  water  soluble,  approximately 
one  mole  of  phenol  combines  with 
each  oxygen  atom.  However,  it 
would  be  premature  to  generalize 
without  further  data. 
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SOME  MANNICH  REACTIONS 

CARL  WEATHERBEE  AND  RICHARD  TEMPED 
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Introduction 

During  World  War  II  considerable 
investigation  of  the  nitrogen  mus- 

H 

tards,  C1-CH2CH2-N-CH2CH2-C1, 
was  carried  out.  It  was  noted  that 
substitution  of  the  aminoliydrogen 
by  an  aryl  group  resulted  in  a  de- 

C0H,-CH2 

\ 

N-CH2CH..-C1 

X 

cgh,-ch2 

crease  of  toxic  properties,  as  did 
the  substitution  of  one  of  the  beta- 


considerable  applications  of  thera¬ 
peutic  interest. 

Discussion 

In  this  investigation  some  new 
compounds  related  to  dibenamine  or 
to  the  nitrogen  mustards  have  been 
prepared  by  Mannicli-type  reactions. 
Examples  of  these  compounds  are 
bis  (chloroethyl)  aminomethylhydro- 
quinone,  bis (2  chloropropyl ) - 
aminomethylthydr oquinone,  an  d 
me  t  h  y  1  -  b  e  t  a  - c h  1  o  r  o  e  t  h y  1  a m  in  o- 
methylhydroquinone. 

It  is  believed  that  these  com¬ 
pounds  could  be  obtained  by  con¬ 
densation  of  such  compounds  as 


H 

O 

C 

X  A 

HC  CCH2N(CH2CH2C1)2 

HC  CH 


\  X 


c 

o 

H 


PI 

0 

C 


X  A  ch, 

HC  CCH2NCH2CH2C1 

HC  CPI 


\  X 


c 

0 

H 


chloroethyl  groups  with  either  an 
aryl  or  an  alkyl  group.  Dibenamine, 
for  example,  has  been  found  to  have 


“nitrogen  mustard”  (beta,  beta- 
clichloroethylamine) ,  formaldehyde, 
and  hydroquinone. 


H 

O 

C 


C1-CH2CH, 

X  \ 

\ 

HC  CH 

NH  -f  CH.O  + 

II  1 

X 

HC  CPI 

C1-CH2CH2 

\  X 

c 

0 

II 
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H 

O 

C 

X  N 

HC  CCH,N(CH2CH,C1), 

!l  I 

HC  CH 


\  X 


c 

o 

H 


+  H,0 
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In  order  to  avoid  use  of  the  toxic 


beta,  beta-dichloroethylamines,  beta- 
hydroxy  ethylamines,  formaldehyde, 


and  hydroquinone  were 

condensed 

H 

O 

C 

ho-ch.,ch2 

A  \ 

\ 

HC  CH 

NH  +  CH.,0  + 

1 1  1 

/ 

HC  CH 

HO-CH2CH2 

\  // 

C 

0 

H 

37%  aqueous  formaldehyde  (0.4 
mole)  dissolved  in  50  ml.  of  metha¬ 
nol  at  10°  was  added  53.2  gms. 
(0.4  mole)  diisopropanolamine  dis- 


H 

O 

C 

/  \ 

HC  CCH2N(CH2CH,OH)2 

HC  CH  +  H20 


O 

H 


to  give  the  corresponding  beta- 
hydroxy  et  hylaninomethylhydro- 
quinones. 

The  latter  compounds  were  readily 
converted  to  the  desired  betachloro- 
ethylaminome  t  h  y  1  h  y  d  r  oquinones 
with  thionyl  chloride. 

When  a  molar  ratio  of  2  :2  :1  for 
the  amines,  formaldehyde,  and 


solved  in  50  ml.  methanol,  slowly, 
with  stirring  over  a  period  of  5  min¬ 
utes.  The  resulting  solution  was 
shaken  for  several  seconds  and  22 
gms.  hydroquinone  (0.2  mole)  was 
added  batchwise.  The  flask  was 
shaken  until  each  addition  of  hydro¬ 
quinone  dissolved.  The  stoppered 
flask  was  placed  in  a  dark  drawer 


H 

O 

C 


/  \ 

HC  CCH2N(CH2CH2OH)2 

!!  i 

HC  CH 


\  // 


O 

o 

H 


+  2  S0C12_^S02  +  HC1  + 


H 

O 

c 

/  \\ 

HC  CCH2N(CH„CH2C1) 

II  I  HC1 
HC  CH 


\  // 


C 

0 

H 


hydroquinone  was  employed,  2,5-bis- 
( betahy  droxy  ethyl  aminomethyl)- 
hydroquinones  were  isolated. 

These  compounds  are  now  being- 
investigated  for  toxic  and  physi¬ 
ological  properties. 

Experimental 

The  experimental  procedure  fol¬ 
lowed  in  this  investigation  is  illus¬ 
trated  by  the  following  examples : 
2,5-bis  ( N  ,N -diisoprop  an  ol  amino  m  - 
ethyl)hydoquinone .  —  To  30  ml. 


at  25  to  28°  for  17  hours.  The  re¬ 
sulting  liquid  was  concentrated  at 
50°  at  30  mm./Hg  until  white  crys¬ 
tals  began  to  appear.  The  syrupy 
mass  was  washed  into  an  Erlen- 
meyer  flask  with  10  ml.  ethyl  ace¬ 
tate.  After  warming  the  mixture 
at  the  boiling  point  for  several  min¬ 
utes,  the  flask  was  stoppered  and 
placed  in  the  refrigerator  at  10°  for 
24  hours.  A  white  solid  separated 
and  was  removed  by  filtration ;  after 
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drying  in  a  desiccator  it  weighed 
26  gms.,  m.p.  181-185°.  The  filtrate 
was  concentrated,  yielding  an  addi¬ 
tional  14.7  gms.  of  white  solid,  m.p. 
178-181°.  Total  crude  yield  was 
40.7  gms.  or  50%.  A  sample  was 
recrystallized  5  times  for  analysis 
from  a  50-50  mixture  of  ethyl  ace¬ 
tate-ethanol,  m.p.  188-189°. 


Summary 

A  new  series  of  beta-hydroxyethyl- 
amonomethy  1  hydroqninones  and 
beta-cliloroethylaminomethylli  y  d  r  o  - 
quinones  have  been  synthesized.  The 
latter  compounds  are  similar  to  com¬ 
pounds  known  to  have  desirable 
physiological  properties  and  are  cur- 


Analvsis:  Calculated  for  C2OH3GN20G :  C,  59.97;  H,  9.05 ;  N,  7.00 

:  C,  60.29;  H,  9.24;  N,  6.8 
Found  59.63  9.10 


2,5-bis  ( N ,N -bet achloro propyl) 
aminomethyl  hydroquinone. — To  3.1 
gms.  (0.0077  mole)  2,5-bis  (beta-liy- 
droxy  propyl  )  aminomet  h  y  1  hydro- 
quinone  in  a  flask  attached  to  a  re¬ 
flux  condenser  was  added  16.5  gms. 
(0.139  moles)  thionyl  chloride, 
dropwise  with  shaking.  The  result¬ 
ing  mixture  was  gently  refluxed  for 
15  minutes,  until  the  mixture  turned 
solid.  The  contents  of  the  flask  were 
washed  into  a  beaker  with  200  ml. 
water;  after  stirring,  a  curdy  pre¬ 
cipitate  was  removed  by  filtration 
and  discarded.  To  the  clear  yellow¬ 
ish  filtrate  was  added  monoethanola- 
mine  until  a  cloudiness  just  began 
to  appear  and  then  1  ml.  additional 
monoethanolamine  was  added.  The 
flask  was  shaken  and  allowed  to 
stand  for  10  minutes  while  a  curdy, 
white  precipitate  formed.  The  pre¬ 
cipitate  was  removed  by  filtration 
and  the  filtrate  treated  with  addi¬ 
tional  monoethanolamine  without  ef¬ 
fect.  The  dried  solid  weighed  2.63 
gms.,  m.p.  191-196°  (dec)  ;  yield 
71.6%.  A  sample  was  recrystal¬ 
lized  three  times  for  analysis,  m.p. 
191-192°  (dec). 


rently  being  investigated  for  toxicity 
as  well  as  physiological  activity. 
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Analysis:  Calculated  for  Co0H32C14N902  :  C,  50.64;  H,  6.80;  N,  5.91;  Cl,  29.90 

C,  50.61;  H,  6.93; 


Found 


N,  5.75;  Cl,  29.97 
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Introduction 

The  measurement  of  distance  is  a 
major  problem  in  mapping  land  use 
from  a  moving  vehicle.  The  time- 
lapse  method  of  reconnaissance  map¬ 
ping  provides  a  solution  to  that  prob¬ 
lem  when  the  nature  of  the  convey¬ 
ance  or  route  do  not  lend  themselves 
to  more  regular  systems  of  distance 
measurement.  This  time-lapse  meth¬ 
od  permits  a  single  person  to  map 
land  use  from  a  moving  vehicle, 
solely  by  locating  the  observations 
in  units  of  time  between  points  of 
known  distance. 

The  measurement  of  distance  is 
a  particularly  difficult  problem  for 
the  person  making  a  regional  geo¬ 
graphic  survey  in  underdeveloped 
areas  where  few  or  no  roads  exist  or 
when  limited  funds  restrict  one  to 
a  public  conveyance.  Automotive 
travel  does  not  pose  this  problem 
because  speedometer  measurements 
can  be  made  and,  upon  request,  the 
vehicle  may  be  slowed  down  or  even 
stopped  for  detailed  study.  Rail  and 
water  transportation  may  be  the 
only  means  of  surveying  underde¬ 
veloped  areas,  yet  neither  the  rail¬ 
road  nor  the  riverboat,  have  distance¬ 
measuring  devices  available  to  the 
passenger.  Colby  (1933)  made  a 
reconnaissance  map  along  a  railway 


traverse  by  counting  the  number  of 
regularly  spaced  telegraph  poles 
along  the  right-of-way.  This  quite 
useful  method  is  limited  to  railroads 
that  do  have  regularly  spaced  poles. 
Thus,  it  eliminates  mapping  from 
river-boat  and  from  railroads  that 
do  not  have  communication  poles 
paralleling  their  route.  Even  in 
those  areas  where  Colby’s  method 
applies,  counting  the  poles  consumes 
the  time  of  one  individual,  and  an¬ 
other  person  is  required  to  note  land- 
use  information.  With  the  time- 
lapse  method  a  single  individual  can 
make  measurements  of  distance  and 
note  the  items  of  the  landscape  as 
well. 

The  Time-Lapse  Method 

The  time-lapse  method  requires 
the  continuous  notation  of  observa¬ 
tions  in  units  of  time  elapsed  from 
known  starting  points.  Single  point 
features — houses,  cross-roads,  fac¬ 
tories,  etc. — are  recorded  in  the  note¬ 
book  by  the  precise  time  of  their 
appearance ;  areal  phenomena  — 
cropped  fields,  areas  of  natural  vege¬ 
tation,  etc. — are  recorded  by  noting 
the  times  of  their  first  and  final  ap¬ 
pearances.  The  mapper,  therefore, 
correlates  his  information  whenever 
possible  with  a  scaled  map  of  the 
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route  followed  and  seeks  to  find 
‘‘fixes” — that  is,  natural  or  cultural 
items  found  both  in  the  landscape 
and  on  the  map.  Along  a  railroad 
the  prominent  landforms,  stations, 
sidings,  bridges,  etc.  serve  as 
“fixes”,  and  when  the  observer  is 
certain  a  particular  feature  can  be 
located  on  his  route  map,  the  time 
is  checked  and  noted.  The  accuracy 
of  all  land-use  information  being 
mapped  by  this  method  depends 
upon  the  accuracy  with  which  one 
can  determine  the  average  speed  of 
the  conveyance.  Thus,  when  the 
distance  traveled  is  broken  into 
many  short  segments  of  “average 
speed”,  map  accuracy  increases.  The 
mapper,  therefore,  must  find  as 
many  “fixes”  as  possible. 

The  writer  used  the  time-lapse 
method  while  riding  as  a  rail  pas¬ 
senger  between  Uberlandia,  Minas 
Gerais,  and  Anapolis,  Goias — both  in 
central  Brazil.  The  438  kilometers 
of  rail  distance  between  these  cities 
required  a  day  and  a  half  of  travel 
time.  For  route  maps  the  more  or 
less  standardized  municipio  sheets, 
available  through  Brazil’s  Conselho 
Nacional  de  Geografia,  were  used. 
Observations  were  made  of  both  sides 
of  the  right-of-way,  and  for  speed 
and  convenience  notations  were  writ¬ 
ten  in  a  ring  binder  notebook  in  the 
following  order:  (1)  the  time  in 
hours  and  minutes  (the  hour  in  the 
first  instance,  then  only  the  minutes 
until  the  next  change  of  hour)  ; 
(2)  “R”  or  “L”  for  “right”  or 
“left”  to  indicate  on  which  side  the 
observed  feature  was  located;  (3)  a 
code  symbol  for  the  feature;  and, 
(4)  any  explanation  or  elaboration 
needed  to  further  describe  the  fea¬ 
ture.  In  the  last  instance,  estimates 
of  crop  acreage,  of  number  of  cattle 


grazing,  of  apparent  quality  of 
crop,  and  of  evidence  of  erosion  are 
examples  of  additional  explanation 
found  useful  in  providing  informa¬ 
tion  that  supplemented  the  code 
symbol  used. 

With  the  notes  and  the  route  map, 
one  can  translate  the  observations 
into  a  finished  traverse  map  in  the 
laboratory.  This  process  is  relative¬ 
ly  simple  because  one  need  not  deal 
with  miles  or  kilometers  or  with  a 
route  map  of  any  particular  scale, 
but  with  time  translated  into  linear 
distance  along  a  route.  The  nota¬ 
tions  made  in  the  notebook  tell  the 
time  that  elapsed  between  promi¬ 
nent  features,  or  “fixes”,  which 
were  found  both  in  the  landscape 
and  on  the  route  map.  Thus,  the 
land-use  information  in  the  notebook 
is  located  on  the  map  being  drafted 
in  the  laboratory  by  first  counting 
the  number  of  minutes  that  elapsed 
between  “fixes.”  Next,  the  linear 
map  distance  between  the  “fixes” — 
say  a  village  and  a  bridge  over  a 
river — is  measured  in  inches  or  cen¬ 
timeters.  A  wheel-type  map  meas¬ 
ure  is  a  valuable  aid  at  this  stage. 
The  third  step  involves  the  division 
of  the  elapsed  time,  that  is  the  num¬ 
ber  of  minutes,  into  the  number  of 
inches  or  centimeters.  The  result 
is  a  distance  equal  to  one  minute  of 
travel  time.  With  this  figure  the 
draftsman  locates  each  feature  ob¬ 
served  along  the  route  according  to 
the  length  of  time  that  elapsed  from 
the  last  observed  feature.  The  use 
of  dividers  spaced  the  distance  equal 
to  one  minute  of  travel  time  facili¬ 
tates  the  location  of  features  and 
eliminates  the  necessity  of  always 
measuring  from  the  “fix.”  For  ex¬ 
ample,  one  feature  might  extend  two 
minutes  from  the  first  “fix”,  and 
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the  second  feature  may  be  one-half 
minute  farther  along  the  route.  The 
dividers  are  set  the  proper  distance 
for  one  minute  and  they  are 
“ walked’ ’  two  steps  where  the  first 
feature  is  located  on  the  map  along 
the  appropriate  side  of  the  rail  route. 
The  dividers  are  then  walked  an¬ 
other  step,  and  one-half  this  dis¬ 
tance  is  taken  in  locating  the  second 
feature.  This  process  is  continued 
until  the  next  time  check  point,  or 
“fix”,  is  reached.  If  the  draftsman 
makes  an  error  such  as  the  miscal¬ 
culation  of  the  linear  distance  be¬ 
tween  “fixes”,  a  miscount  of  the 
number  of  time  divisions  between 
“fixes”,  or  in  the  omission  of  one  or 
more  features  along  the  route,  the 
mistake  will  become  apparent  when 
he  reaches  the  end  of  the  notes  be¬ 
cause  the  dividers  should  then  arrive 
at  the  second  “fix.”  If  the  divider 
measurements  fall  short  or  go  be¬ 
yond  the  second  “fix”,  obviously  an 
error  has  occurred. 

For  each  new  pair  of  known  points 


one  must  again  measure  the  map 
distance  between  them  and  deter¬ 
mine  the  map  distance  which  equals 
one  minute  of  time. 

Summary 

The  time-lapse  method  is  a  means 
of  measuring  distance  from  a  moving 
vehicle ;  it  is  only  one  of  the  prob¬ 
lems  involved  in  land-use  mapping. 
Other  considerations  such  as  a  thor¬ 
ough  familiarity  with  the  items  one 
can  expect  to  find  in  a  given  land¬ 
scape  (types  of  crops,  native  vege¬ 
tation,  soils,  house  types,  a  usable 
classification  of  these  features,  and 
a  system  of  symbols  that  will  per¬ 
mit  a  rapid  notation  of  observations 
must  be  dealt  with  as  well,  but 
techniques  dealing  with  these  prob¬ 
lems  have  been  described  by  other 
writers. 
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THE  CHANGING  DISTRIBUTION  OF 
MANUFACTURING  IN  ILLINOIS 
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The  years  from  1939  to  1951  saw 
great  changes  in  the  economic  life 
of  the  United  States  and  the  state 
of  Illinois.  The  revival  of  business 
from  the  depression  of  the  1930 ’s, 
World  War  II,  the  postwar  transi¬ 
tional  period,  and  the  beginning  of 
the  Korean  conflict  profoundly  al¬ 
tered  the  level  and  distribution  of 
economic  activity  throughout  the 
country.  Of  immediate  interest  in 
this  paper  are  the  consequent  or 
concurrent  changes  which  have 
taken  place  in  the  patterns  of  man¬ 
ufacturing  activity  in  Illinois. 

Among  the  more  readily  calcula¬ 
ble  and  frequently  employed  meas¬ 
ures  of  change  in  manufacturing 
activity  which  will  be  applied  to 
changes  in  Illinois  from  1939  to 
1951  are :  percentage  of  population 
in  manufacturing ;  proportion  of 
employed  population  in  manufactur¬ 
ing;  and  change  in  number  and  size 
of  establishments.  The  total  areal 
pattern  of  changes  revealed  by  these 
measures  may  be  evaluated  and  sum¬ 
marized  by  an  examination  of  the 
center  of  manufacturing  at  the  be¬ 
ginning  and  end  of  the  period.  Total 
population  figures  have  been  taken 
from  the  most  nearly  comparable 
decennial  census  year.  Data  for 
both  1939  and  1947  were  taken  from 
the  * Census  of  Manufactures ,’ 
(1949)  and  statistics  used  were 
those  reported  as  “Production 
Workers.”  For  1951,  “Employees” 


from  ( County  Business  Patterns,’ 
(1953)  were  used;  these  data  are 
closely  comparable  to  the  meaning 
of,  and  figures  for,  “Production 
Workers.” 

Population  Engaged  in 
Manufacturing 

Although  Illinois  is  properly 
rated  as  one  of  the  leading  indus¬ 
trial  states  of  the  nation,  only  a 
relatively  small  proportion  of  its 
total  population  is  engaged  in  man¬ 
ufacturing.  This  proportion,  how¬ 
ever,  nearly  doubled  during  the  12- 
year  period,  from  7.5%  in  1939  to 
14.6%  in  1951.  An  examination  of 
Figure  1,  comparing  the  change  in 
this  proportion  in  each  county  with 
the  average  change  in  the  state, 
shows  several  areas  having  similar 
rates  of  change.  The  lines  on  Fig¬ 
ure  1  divide  the  state  roughly  into 
thirds,  varying  somewhat  from  ex¬ 
act  numerical  division  for  the  sake  of 
observed  apparent  unity.  These 
three  parts  of  the  state  will  be  re¬ 
ferred  to  in  connection  with  later 
maps,  but  the  lines  have  not  been 
repeated  on  those  maps  because  of 
the  danger  that  such  repetition 
would  give  an  impression  of  greater 
validity  to  the  division  than  its  use 
as  a  convenient  analytical  device 
warrants. 

It  can  be  noted  that,  in  general, 
the  counties  of  the  northern  one- 
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Fig.  1. — Relative  change  in  percent  of  population  in  manufacturing,  1939-1951. 
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Fig.  2. — Percentage  of  lion-agricultural  workers  in  manufacturing,  1951. 
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third  of  the  state  showed  an  increase 
no  greater  than  the  state  average. 
Many  counties  experienced  an  in¬ 
crease  less  than  the  average,  and 
two  showed  an  absolute  decline.  Only 
two  counties  in  this  area  had  an  in¬ 
crease  in  the  percentage  of  the  popu¬ 
lation  engaged  in  manufacturing 
greater  than  the  average  increase 
in  the  state.  In  the  middle  one- 
third,  on  the  other  hand,  over  half 
(23  of  42)  of  the  counties  showed  an 
increase  greater  than  the  average 
for  the  state.  Pour  other  counties 
in  this  area  increased  at  the  same 
rate  as  the  state,  while  only  two 
showed  an  absolute  decline.  The 
pattern  in  the  southern  one-third  is 
less  clear-cut,  but  there  are  consid¬ 
erable  areas  of  absolute  decline  and 
a  general  relative  decline  for  the 
section.  Only  7  of  the  34  southern 
counties  increased  their  proportion 
more  rapidly  than  the  average  of 
the  state.  These  patterns  of  change 
in  the  percentage  of  total  popula¬ 
tion  in  manufacturing  may  be  fur¬ 
ther  refined  to  identify  more  clearly 
the  areas  in  which  industry  is  par¬ 
ticularly  important. 

The  analysis  of  non-agricultural 
workers  engaged  in  manufacturing 
(Fig.  2)  provides  one  means  of  lo¬ 
cating  the  highly  industrialized 
counties  of  the  state.  Six  of  the 
eight  counties  having  a  proportion 
of  non-agricultural  workers  in  man¬ 
ufacturing  well  above  the  state 
average  are  located  in  the  northern 
one-third  of  the  state.  In  addition, 
most  of  the  counties  in  the  northern 
third  shown  on  the  map  as  approxi¬ 
mating  the  state  average  are  also 
well  above  t hat  average;  in  several 
cases  they  approach  the  upper  limit 
of  the  class.  In  this,  as  in  almost 


all  measures  of  economic  activities 
in  Illinois,  the  state  average  is  very 
heavily  affected  by  the  situation  in 
Cook  County.  It  is  apparent  that 
the  northern  one-third  of  the  state 
is  the  most  highly  industrialized  and 
that  the  industrialization  here  is 
distributed  more  evenly  than  in 
other  areas.  This  northern  area  has 
79%  of  the  state’s  non-agricultural 
employed  population  and  83%  of 
the  state’s  manufacturing  workers. 
A  comparison  of  the  northern  area 
with  and  without  Cook  County  will 
provide  an  indication  of  the  spread 
of  inclustrv.  The  area  as  a  whole 
has  49%  of  its  non-agricultural 
workers  in  manufacturing  —  about 
the  same  as  the  average  for  the 
state.  Excluding  Cook  County,  how¬ 
ever,  the  northern  one-third  has 
56%  of  its  non-agricultural  em¬ 
ployed  population  in  manufacturing 
— about  one-fifth  higher  than  the 
state  average.  The  southern  two- 
thirds  of  the  state  show  only  a  few 
spots  with  a  concentration  of  peo¬ 
ple  in  manufacturing.  Perhaps  the 
largest  block  of  counties  is  made  up 
of  Madison,  St.  Clair,  Clinton,  and 
Randolph  in  the  southwest. 

In  an  attempt  to  arrive  at  more 
meaningful  combinations  of  statis¬ 
tics,  the  Census  Bureau  has  recently 
introduced  county  groupings  which 
they^  designate  as  economic  areas. 
To  check  the  validity  of  these  areas, 
by  one  measure  at  least,  Figure  2  is 
shown  with  the  Census  Bureau’s 
economic  areas  outlined.  While  this 
single-element  comparison  is  admit- 
tedlv  limited,  it  may  be  seen  that 
almost  universally  the  economic 
areas  bear  little  relationship  to  the 
patterns  of  industrial  population.  It 
would  appear  that  these  economic 
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Fig.  3. — Relative  change  in  number  of  production  workers,  1939-1951. 
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FIG  4. — Relative  change  in  number  of  establishments,  1939-1951 
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areas  must  be  used  cautiously,  if  at 
all,  when  discussing  the  regionaliza¬ 
tion  of  manufacturing. 

Production  Workers  and 
Establishments 

A  more  detailed  appraisal  of  the 
impact  of  change  on  individual 
counties  may  be  made  by  an  exami¬ 
nation  of  the  change  in  the  number 
of  production  workers  in  each  coun¬ 
ty  between  1939  and  1951.  Changes 
during  this  period  (Fig.  3)  might 
be  expected  to  be  rather  permanent 
changes  in  the  industrial  growth  of 
counties,  since  the  period  is  fairly 
long  and  encompasses  a  number  of 
events  with  diverse  effects.  During 
this  period  the  number  of  produc¬ 
tion  workers  in  the  whole  state  in¬ 
creased  by  115%.  Two  areas,  the 
middle  one-third  of  the  state  and  the 
eastern  part  of  the  northern  one- 
third,  showed  increases  generally 
equal  to  or  more  than  that  of  the 
state.  The  largest  areas  of  little 
growth  or  actual  decrease  are  the 
eastern  and  southern  parts  of  the 
southern  one-third.  The  examina¬ 
tion  of  changes  over  shorter  periods 
within  the  1939-51  span  reveals  that 
the  rate  of  change  was  nearly  twice 
as  great  from  1939  to  1947  as  it  was 
from  1947-1951.  The  patterns  of 
change  during  the  shorter  periods 
are  well  summarized  by  the  map  of 
total  change  (Fig.  3). 

Since,  as  already  noted,  an  in¬ 
crease  of  115%  in  the  number  of 
production  workers  in  the  state  oc¬ 
curred,  it  would  be  reasonable  to 
expect  an  accompanying  increase  in 
the  number  of  manufacturing  estab¬ 
lishments  in  the  state.  This,  in 
fact,  did  occur,  and  during  the  peri¬ 
od  from  1939  to  1951  there  was  an 
increase  of  50%  in  the  number  of 


manufacturing  establishments  in 
Illinois  (Fig.  4).  From  the  dis¬ 
parity  between  these  two  rates  of 
change  it  may  be  noted  that  much 
of  the  increase  in  production  workers 
was  accounted  for  by  increased  em¬ 
ployment  in  existing  establishments. 
There  is  essentially  no  pattern  to 
be  discerned  in  the  increase  in  num¬ 
ber  of  establishments.  That  increase 
was  rather  widespread  over  the  en¬ 
tire  state. 

A  considerable  proportion  of  the 
new  establishments  founded  were 
small,  as  indicated  by  the  state  in¬ 
crease  of  only  44%  in  the  average 
size  of  establishments,  less  than 
either  the  change  in  the  number  of 
establishments  or  in  the  number  of 
production  workers.  This  measure 
also  shows  a  wide  dispersal  of  the 
degrees  of  change  and  relatively  lit¬ 
tle  pattern  can  be  discerned  (Fig. 
5).  There  is,  however,  once  again 
a  greater  concentration  of  increases 
larger  than  the  state  average  in  the 
counties  of  the  central  one-third  of 
the  state.  An  examination  of  the 
counties  included  in  certain  indus¬ 
trial  areas  reveals  that  the  size  of 
establishments  increased  markedly 
in  the  East  St.  Louis,  Peoria,  and 
Rock  Island  districts.  Cook  County, 
on  the  other  hand,  showed  no  such 
disproportionate  increase  (and,  of 
course,  was  largely  responsible  for 
establishing  the  state  average).  The 
southern  one-third  of  the  state  ex¬ 
perienced  a  general  decrease  in  the 
size  of  establishments,  particularly 
in  those  counties  around  the  margins 
of  the  area. 

Centers  of  Production 

Each  of  the  individual  measures 
of  industrial  change  discussed  so 
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Fig.  5. — Relative  change  in  number  of  workers  per  establishment,  1939-1951. 
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far  indicates  a  considerable  varia¬ 
tion  between  counties,  and  the  same 
county  may  show  marked  variation 
when  different  measures  are  used. 
These  variations  would  indicate  that 
each  of  these  measures  gives  only 
a  partial  picture  of  industrial 
change,  and  often  the  pictures  given 
seem  to  contradict  one  another.  It 
is  desirable,  therefore,  to  examine 
industrial  change  by  a  measure 
which  serves  to  summarize  the  es¬ 
sential  nature  of  that  change.  The 
technique  of  determining  the  center 
of  production  or,  in  this  case,  the 
center  of  manufacturing,  serves  this 
purpose.  It  evaluates  the  net  result 
of  the  changes  portrayed  by  the 
individual  indices,  and  to  some  ex¬ 
tent  smooths  out  interruptions  in  the 
pattern  caused  by  extreme  individ¬ 
ual  variations. 


There  are  three  major  character¬ 
istics  of  the  center  of  manufactur¬ 
ing  in  Illinois  which  may  be  noted 
(Fig.  6).  First,  the  position  of  the 
center  indicates  very  clearly  the 
strong  impact  of  Cook  County.  This 
single  county  has  two-thirds  of  the 
state ’s  manufacturing  workers,  a  * 
figure  unchanged  from  1939  to  1951. 
If  the  production  workers  were 
stacked  up  on  the  imaginary  plane 
envisaged  by  this  center  technique, 
the  plane  would  have  a  very  decided 
downward  tilt  in  the  direction  of 
Cook  County.  Second,  if  the  center 
of  manufacturing  for  the  rest  of  the 
state,  that  is  excluding  Cook  Coun¬ 
ty,  is  determined,  that  center  lies 
much  nearer  to,  but  north  of,  the 
geographical  mid-point  of  the  state. 
This  indicates  again  the  compara¬ 
tively  higher  degree  of  industrializa- 
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Fig.  6. — Centers  of  manufacturing  (based  on  production  workers). 
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tion  in  the  north.  Third,  of  primary 
concern  in  this  discussion  of  changes 
in  manufacturing  in  Illinois  is  the 
very  small  movement  of  the  center 
of  manufacturing,  whether  meas¬ 
ured  with  or  without  Cook  County. 
Although  the  center  depicted  here 
is  based  on  production  workers, 
rough  determinations  have  shown 
that  the  center  would  not  vary  sig¬ 
nificantly  if  other  of  the  measures 
presented  here  were  used. 

Summary 

The  lack  of  movement  of  the  cen¬ 
ter  of  manufacturing  has  important 
implications,  both  for  the  present 
study  of  changes  in  manufacturing 
in  Illinois  and  for  the  technique  use¬ 
ful  in  future  studies  of  industrial 
change.  With  respect  to  changes 
in  manufacturing  in  Illinois  from 
1939  to  1951,  the  lack  of  movement 
of  the  centers  indicates  that  there 
has  been  basically  no  change  in  the 
over-all  geographical  pattern  of  in¬ 
dustrial  activity.  This  is  true 
despite  the  considerable  variations 
seen  when  other  measures  less  sum¬ 
mary  in  character  are  examined.  The 
change  in  industrial  activity  in  Illi¬ 
nois  has  been  quite  uniformly  dis¬ 
tributed,  during  a  period  which  has 
seen  the  impact  of  several  major 
economic  developments.  None  of 
the  industrial  districts  in  Illinois 
has  experienced  a  growth  dispro¬ 


portionately  greater  than  that  of  the 
others.  All  of  the  industrial  dis¬ 
tricts,  except  Peoria,  are  far  re¬ 
moved  from  the  center  of  manufac¬ 
turing  (without  Cook  County)  and 
so  would  have  had  a  considerable 
effect  on  the  center  if  any  dispropor¬ 
tionate  change  had  occurred.  The 
fact  that  the  center  when  measured 
for  the  state  as  a  whole — that  is, 
including  Cook  County — changed  so 
little  demonstrates  that  even  this 
major  industrial  county  grew  little 
faster  in  industry  than  did  the  rest 
of  the  state.  The  only  effects  to  be 
noted  from  movements  of  the  center 
of  manufacturing  between  1939  and 
1 951  are :  a  slight  intensification  of 
the  dominance  of  Cook  County  in 
the  state ’s  industrial  activity ;  and 
a  slightly  greater  increase  in  the 
importance  of  the  northern  part  in 
the  state’s  industrial  pattern. 

For  future  studies  of  industrial 
change,  the  results  obtained  would 
seem  to  indicate  that  determining 
movements  of  the  center  might  well 
be  a  preliminary  step,  with  the  other 
measures  being  used  only  when  sig¬ 
nificant  shifts  in  the  center  are  ob¬ 
served. 
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THE  ILLINOIS  WEATHER  RECORD  PUNCH 

CARD  PROJECT 


STANLEY  A.  CHANGNON,  JR. 
Illinois  Stale  Water  Survey ,  Urbana 


Introduction 

The  Illinois  Weather  Record 
Punch  Card  Project  is  a  coopera¬ 
tive  arrangement  between  the  Illi¬ 
nois  State  Water  Survey,  the  Uni¬ 
versity  of  Illinois,  and  the  U.  S. 
Weather  Bureau  for  entering  past 
Illinois  weather  records  on  IBM 
cards.  This  paper  includes  a  his¬ 
tory  of  the  project,  operational  pro¬ 
cedures,  and  suggested  research  uses 
of  these  cards.  Availability  of  the 
IBM  cards  to  scientific  personnel 
throughout  Illinois  should  prove 
useful  for  research  in  climatology, 
meteorology,  agriculture,  architec¬ 
ture,  engineering,  and  many  other 
related  fields  where  the  effects  of 
weather  are  felt. 

History 

The  circumstances  which  enabled 
the  origin  of  this  program  occurred 
in  1948  when  the  U.  S.  Weather 
Bureau  started  to  enter  all  clima¬ 
tological  and  meteorological  observa¬ 
tions  on  various  types  of  IBM  cards. 
However,  Congress  did  not  provide 
funds  for  preparation  of  cards  of 
the  data  prior  to  1948.  The  Weath¬ 
er  Bureau  then  promoted  a  coopera¬ 
tive,  working  agreement  between  the 
Weather  Bureau  and  any  given 
state’s  university  or  state  agency  to 
prepare  cards  of  the  past  records 
of  that  state.  In  this  arrangement 
the  Weather  Bureau  would  furnish 


the  cards,  instructions,  and  the  ori¬ 
ginal  past  records.  The  cooperating 
state  institution  would  edit  the  rec¬ 
ords,  punch  and  verify  the  cards. 
The  state  would  then  produce  dupli¬ 
cate  card  decks  for  the  Weather 
Bureau,  and  in  turn,  the  Weather 
Bureau  would  match  in  equal  num¬ 
bers,  year  for  year,  duplicate  cards 
for  all  future  weather  records  to 
match  the  state  7s  production  prior  to 
1948. 

Soon  after  1948,  various  state  uni¬ 
versities  initiated  agreements  with 
the  Weather  Bureau,  among  the  first 
being  Iowa  and  South  Dakota.  The 
Weather  Bureau  approached  the 
Illinois  State  Water  Survey  five 
years  ago.  The  Survey  recognized 
the  benefits  from  the  availability  of 
such  cards,  but  did  not  have  suffi¬ 
cient  funds  at  that  time.  In  the 
fall  of  1954  limited  funds  became 
available  to  initiate  the  project.  An 
agreement  was  signed  in  Novem¬ 
ber,  1954,  and  the  project  began 
in  early  December. 

Procedures  of  the  Illinois 
Project 

The  selection  of  stations  for  which 
data  were  to  be  recorded  on  cards 
was  based  on  several  considerations. 
The  stations  were  selected  for  the 
best  areal  distribution  and  only  if 
there  were  records  beginning  no 
later  than  1905 ;  this  was  to  have  50 
years  of  records  available  on  cards 
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Fig.  1. — Illinois  stations  recording  50  or  more  years  of  temperature  and  precipitation. 
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I  From  1954  Illinois 

CUmototogicoi  Summory 


in  1955.  Both  the  available  stations 
and  the  selected  stations  are  indi¬ 
cated  in  Figure  1.  Current  progress 
indicates  that  13  Weather  Bureau 
climatological  sub-stations  (handled 
by  a  volunteer  cooperative  observer 
who  makes  weather  observations 


once  daily)  and  3  First  Order 
Weather  Bureau  Stations  (operated 
by  full  time  Weather  Bureau  per¬ 
sonnel  taking  observations  at  fre¬ 
quent  intervals  during  each  24-hour 
period)  will  be  completed  by  June 
30,  1955.  The  completed  sub- 
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stations  in  the  northern  portion  (de¬ 
fined  by  the  IT.  S.  Weather  Bureau 
in  climatological  records)  will  be 
Aurora,  Monmouth,  Minonk,  Rock¬ 
ford  and  Walnut.  The  sub-stations 
in  central  Illinois  will  be  Carlin- 
ville,  Palestine,  Rushville,  Urbana, 
and  Windsor;  and  the  southern  sub¬ 
stations  will  be  Mt.  Vernon,  New 
Burnside,  and  Sparta.  The  three 
First  Order  Stations  will  be  Cairo 
(furnished  by  the  Missouri  Punch 
Card  Project),  Chicago,  and  Spring- 
field.  The  climatological  sub¬ 
stations  were  also  selected  for  the 
legibility,  completeness,  and  relia¬ 
bility  of  the  data.  Records  of  the 
other  sub-stations  shown  in  Figure  1 
will  be  entered  on  IBM  punch  cards 
during  1955-1956. 

The  data  being  selected  for  punch¬ 
ing  in  Illinois  are  strictly  of  a  cli¬ 
matological  nature.  No  attempt  is 
being  made  to  punch  past  records  of 
other  meteorological  data,  such  as 
winds  aloft,  conditions  at  various 
pressure  levels,  or  detailed  hourly 
and  six-hourly  records  from  the 
First  Order  Stations.  At  present, 
the  project  is  using  the  daily  cards 
(No.  1009)  for  the  sub-stations,  the 
daily  summary  cards  (No.  3)  for 
the  First  Order  Stations,  and  the 
Monthly  Summary  Cards.  The  card 
types  in  use  are  shown  in  Figure  2. 

On  the  No.  1009  card,  all  data 
available  at  each  station  are  being 
edited  and  punched,  including  the 
“Days  With”  columns.  Several 
other  state  projects,  doubting  the 
value  and  reliability  of  the  “Days 
With”  entries,  have  not  included 
this  information.  However,  it  was 
decided  to  put  these  entries  on  the 
Illinois  cards  for  possible  future  use. 
The  reliability  of  data  varies  from 


station-to-station  and  from  observer- 
to-observer,  but  to  be  available  for 
future  use,  these  entries  are  being 
edited  and  punched  while  the  orig¬ 
inal  records  are  available. 

The  information  punched  on  the 
No.  3  cards  will  be  principally  as 
shown  on  the  cards  in  Figure  2. 

Certain  stations  are  being  selected 
to  have  Monthly  Summary  Card 
Decks  prepared  for  use  in  particu¬ 
lar  research  projects.  The  Monthly 
Summary  Card  and  its  data  are 
shown  in  Figure  2,  with  the  addition 
of  the  summarized  “Days  With” 
entries  in  card  columns  74-80. 

The  Survey’s  card  production  pro¬ 
cedure  begins  with  the  editor  work¬ 
ing  over  the  original  records  and 
making  any  corrections  or  additions 
as  prescribed  by  Weather  Bureau 
instructions.  Then,  the  edited  rec¬ 
ords  are  transferred  to  the  Univer¬ 
sity  Statistical  Service  Unit  where 
the  personnel  produce  the  punched 
cards.  The  cards  are  then  machine 
checked. 

Examples  of  Card  Deck 
Research  Projects 

A  few  projects  using  the  cards 
have  been  inaugurated,  even  though 
only  a  few  stations  are  completed. 
One  of  these  is  a  sorting  of  precipi¬ 
tation  intensity  intervals  for  each 
station.  This  project  consists  of  mak¬ 
ing  a  monthly  count  of  the  number 
of  24-hour  precipitation  totals  oc¬ 
curring  in  various  classes  of  precipi¬ 
tation  intervals.  These  arrayed  tabu¬ 
lations  from  each  station  will  be 
compared  to  analyze  differences  in 
number  and  magnitude  by  area  and 
season. 

It  is  also  planned  to  produce  a 
climatological  brochure  for  each  sta- 
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MONTHLY  SUMMARY  CARD  FOR  ALL  TYPES  OF  STATIONS 

Pi({.  2. — IBM  card  types  used  by  Illinois  weather  record  punch  card  project. 


tion ;  this  will  summarize  the  cli¬ 
matic  data  for  the  past  54  years. 

Another  project  now  in  the  plan¬ 
ning*  stage  will  correlate  amounts  of 
precipitation  and  stream-flow.  To 
accomplish  this  correlation,  daily 
and  monthly  stream-gauge  runoff  fig¬ 


ures  from  40  Illinois  gauging  sta¬ 
tions  have  been  placed  on  IBM  cards 
(Length  of  records  entered  varied 
from  10  to  47  years,  depending  on 
the  total  operational  period  of  each 
station) . 

There  are  unlimited  possibilities 
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for  research  projects  using  the  cards. 
The  outstanding  feature  of  having 
IBM  cards  for  climatological  re¬ 
search  is  the  reduction  of  time  of 
computation.  For  example,  if  the 
climatic  years  classification  method 
is  applied  to  a  station  with  35  years 
of  weather  records,  manual  analysis 
requires  approximately  four  hours. 
By  use  of  IBM  cards  the  same  analy¬ 
sis  would  require  approximately  15 
minutes.  Consequently,  a  climatic 
years  classification  for  an  area  with 
70  stations  would  require  280  hours 
manually  and  only  18  hours  By  IBM 
equipment.  The  Iowa  project  and 
the  Missouri  project  have  both  spe¬ 
cialized  in  the  agricultural  aspects 
in  their  card  research  projects.  Many 
studies  have  been  in  relation  to  dif¬ 
ferent  crops’  growth  parameters. 

The  University  of  Wisconsin  is 
also  using  IBM  weather  card  decks 
intensively,  but  the  interests  are 
more  meteorological.  It  is  attempt¬ 
ing  to  establish  cause-and-effect  re¬ 
lationships  between  meteorological 
phenomena  and  the  occurrence  of 


precipitation  in  the  AVisconsin  River 
Valley. 

The  information  on  the  cards  may 
be  printed  on  a  tape  and  fed  into 
the  ILLIAC,  a  high-speed,  electronic 
digital  computor  at  the  University 
of  Illinois,  thus  enabling  projects 
requiring  complex  multiple  correla¬ 
tions  of  associated  weather  phenom¬ 
ena  to  be  accomplished  quite  rapidly. 

Summary 

Many  volumes  of  Illinois  weather 
data  may  be  condensed  for  research 
studies,  if  funds  are  available.  Some 
weather  record  cards  are  now  avail¬ 
able  at  the  State  Water  Survey  for 
research  and  educational  nse. 

Meteorology  and  climatology  are 
sciences  containing  immense  quan¬ 
tities  of  simple  numbers  difficult  to 
handle  because  of  their  bulk,  but 
yet  requiring  only  relatively  simple 
mathematical  compilations.  Weather 
IBM  cards  can  eliminate  this  prob¬ 
lem  and  assist  in  encouraging  re¬ 
search,  not  only  in  climatology  and 
meteorology  but  in  related  fields  of 
endeavor. 
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FACTORS  IN  THE  ESTABLISHMENT  OF 
COMMERCIAL  ORCHARDING  IN  SOUTHERN 

ILLINOIS 

DALIAS  A.  PRICE 

Southern  Illinois  University,  Garhondale 


Introduction 

One  of  several  commercial  orchard 
economies  of  the  Midwest  is  located 
in  southern  Illinois  (Fig.  I).  Peaches 
and  apples  comprise  the  principal 
fruits  which  this  specialized  economy 
embraces.  All  but  10%  of  the  state’s 
peaches  and  40%  of  its  apples  are 
produced  in  six  regions.  Michigan 
is  the  only  state  in  the  Midwest 
which  outranks  Illinois  in  apple  pro¬ 
duction,  but  both  Michigan  and 
Arkansas  surpass  the  state  in  peach 
production. 

Commercial  orcharding  has  be¬ 
come  a  significant  element  in  the 
agriculture  economy  of  six  distinct 
regions  in  Illinois  (Anna-Cobden, 
Vienna  -  New  Burnside,  Metropolis, 
Villa  Ridge,  Centralia  -  Salem,  and 
Sesser.)  These  regions  differ  not 
so  much  in  their  physical  environ¬ 
ment  as  thev  do  in  the  actual  condi- 
tions  of  their  orcharding  economy. 
Analysis  of  the  factors  in  the  estab¬ 
lishment  of  the  orchard  areas  and  of 
their  early  development  reveals  some 
of  the  factors  which  shed  light  upon 
the  present  day  status  of  orcharding. 

Commercial  orcharding  grew  out 
of  subsistence  agriculture,  but  not 
until  the  areas  were  served  by  rail¬ 
roads.  Subsistence  farmers  unknow¬ 
ingly  tested  the  southern  Illinois 
climate  for  several  decades  before 
railroads  opened  the  region  to  the 


expanding  urban  markets  of  the 
Midwest.  The  Illinois  Central  Rail¬ 
road  was  the  prime  moving  factor 
in  the  initial  stages  of  orcharding 
along  its  lines  from  Cairo  to  Kin- 
mundy.  Early  day  nursery-men  and 
other  individuals  interested  in  vari¬ 
ous  phases  of  orcharding  contribut¬ 
ed  greatly  to  the  ultimate  character 
of  the  industry  in  the  various  areas 
of  concentration.  Later  developments 
of  some  orchard  regions  and  expan¬ 
sion  of  others  were  related  to  the 
development  of  coal  mining  in  south¬ 
ern  Illinois  and  to  the  extension  of 
railroads  to  serve  the  mines. 

Beginnings  of  Orcharding  in 
Southern  Illinois 

Southern  Illinois  was  the  first  part 
of  the  state  to  be  settled,  the  process 
of  occupying  the  land  for  agricul¬ 
ture  beginning  in  earnest  about 
1820.  The  areas  along  the  Ohio,  Mis¬ 
sissippi,  and  Wabash  rivers  were 
settled  first,  and  the  uplands  and  the 
interior  not  until  some  time  later. 
Early  settlers,  coming  from  Ken¬ 
tucky  and  Tennessee  in  the  main, 
brought  with  them  a  self-sufficient 
type  of  agriculture  which  they  be¬ 
gan  practicing  as  soon  as  land  could 
be  cleared  for  cultivation.  Their 
subsistence  economy  included  corn, 
wheat,  vegetables,  livestock,  and 
fruits,  especially  apples  and  peaches. 
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COMMERCIAL  ORCHARD  AREAS  OF  MISSISSIPPI  VALLEY 


l.SOUTH  WESTERN  MICHIGAN 
MIXED  FRUIT 

2XALHOUN  APPLE  DISTRICT 

5.  WESTERN  INDIANA  APPLE  f 
PEACH  DISTRICT. 

4.  CENTRALI A  -  SALEM  PEACH  $ 

APPLE  DISTRICT 

&SESSER  PEACH  DISTRICT 

6. ANNA-COBDEN  PEACH  \ 

APPLE  DISTRICT 

7.  VIENNA -NEW  BURNSIDE 
APPLE  1  PEACH  DIST. 

6.  VILLA  RIOGE  PEACH 

DISTRICT  (  ILLINOIS 

9.  METROPOLIS  PEACH 
DISTRICT 

10.  MISSOURI  OZARK 
APPLE  DISTRICT 

11.  OZARK  MIXED  FRUIT 
DISTRICT. 

12BOSTON  MOUNTAINS  PEACH 
DISTRICT. 

IS.  CROW  LEVS  RIDGE  PEACH 
DISTRICT. 

14. OUACHITA  PEACH  DISTRICT 


ARKANSAS 


O  50  10O 

SCALE  IN  MILES 


Figure  1. 


Very  little  commercial  agriculture 
of  any  kind  developed  in  southern 
Illinois  until  after  1850  when  the 
first  railroad  was  built  through  the 
region.  Whereas  river  routes  were 
utilized  to  transport  some  agricul¬ 


tural  products,  they  were  not  used 
for  shipping  fruit  from  the  area 
under  study,  and  orcharding  took  on 
importance  only  because  of  farm 
family  consumption.  Surplus  fruit 
production  from  farms,  if  any,  was 
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either  given  away  or  sold  to  neigh¬ 
bors. 

The  early-day  subsistence  farmers 
unknowingly  made  a  valuable  con¬ 
tribution  to  the  ultimate  develop¬ 
ment  of  commercial  orcharding  in 
the  region  by  planting  apple  and 
peach  orchards  all  over  southern 
Illinois.  In  so  doing,  they  tested  the 
physical  environment  for  orchards 
over  a  period  of  30  or  40  years  and 
found  it  not  unfavorable  to  fruit 
culture.  When  later  developments 
made  it  possible  to  start  some  form 
of  commercial  agriculture,  some 
farmers  of  southern  Illinois  turned 
to  apples  and  peaches  because  they 
had  learned  from  experience  that 
such  crops  could  be  grown  success¬ 
fully. 

The  Illinois  Central  was  the  first 
railroad  to  extend  lines  through 
southern  Illinois  and  thus  became 
the  first  to  provide  the  transporta¬ 
tion  facilities  by  which  area  farmers 
could  market  some  of  their  crops 
outside  of  the  region.  As  soon  as 
railroad  transportation  became 
available,  farmers  began  to  see  the 
opportunities  for  selling  fruit  as 
well  as  other  farm  products  in  Chi¬ 
cago  markets ;  and  some  began  to 
expand  their  family  orchards  to 
commercial  proportions.  However, 
some  of  the  expansion  of  commercial 
orcharding  was  effected  through  out¬ 
side  capital  and  by  new  settlers  who 
came  specifically  for  the  purpose  of 
establishing  orchard  farms ;  these 
were  attracted  to  the  region  by  the 
promotion  and  advertising  work  of 
the  Illinois  Central  during  the 
1860 ’s.  For  a  time  almost  every  sta¬ 
tion  along  the  Illinois  Central,  from 
Mounds  to  Effingham,  became  the 
nucleus  for  a  fruit  industry.  To  this 
day  some  of  the  railroad  stations 


serve  in  the  same  capacity  in  the 
orchard  regions  (Fig.  2). 

The  town  of  Cobden  was  one  such 
station  which  achieved  fame  in  1866 
when  one  of  its  citizens,  Parker  Earl, 
began  one  of  the  first  experiments 
with  refrigeration  of  strawberry 
shipments.  He  soon  perfected  his 
experiments  sufficiently  so  that  re¬ 
frigerated  strawberries  were  shipped 
to  Chicago  and  even  to  more  distant 
markets.  In  the  meantime,  small 
shipments  of  apples,  peaches,  and 
vegetables  were  being  made  from 
Cobden  and  Anna  to  Chicago,  with 
gratifying  results.  The  Illinois  Cen¬ 
tral  quickly  saw  the  possibilities  for 
freight  revenue  and  gave  a  power¬ 
ful  stimulus  to  commercial  orchard¬ 
ing  by  inaugurating  the  “Thunder¬ 
bolt  Express”  which  was  a  fast 
train  especially  designed  to  carry 
fruit  to  Chicago.  The  special,  fruit- 
train  service  and  the  refrigeration 
experiments  attracted  nationwide  at¬ 
tention  to  the  possibilities  of  com¬ 
mercial  orcharding  in  the  Cobden 
area.  The  widespread  publicity  be¬ 
gan  to  attract  settlers  who  had  suf¬ 
ficient  capital  to  promote  commercial 
orchard  farms.  But  many  farmers 
who  were  already  living  in  the  area 
were  able  to  finance  small  orchard 
plantings  and  began  to  expand  them 
into  commercial  proportions.  The 
fruit  industry  prospered  because 
supply  was  unable  to  keep  up  with 
the  demand  for  foodstuffs  in  the 
rapidly  growing  urban  markets  such 
as  Chicago  and  St.  Louis. 

In  1867,  the  year  after  Parker 
Earl  began  his  refrigeration  experi¬ 
ments,  the  Illinois  Central  Railroad 
devised  an  orcharding  promotion 
campaign  by  conducting  a  group  of 
horticulturalists  on  a  tour  of  its 
main  line.  The  party  stopped  at 
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stations  all  along  the  railroad,  from 
Champaign  southward  to  Cairo,  to 
view  orchards.  One  stop  on  the  tour 
was  made  at  the  W.  A.  Perrine 
Nursery  at  Centralia  to  view  a  model 
orchard.  Nurserymen  such  as  Mr. 
W.  S.  Perrine  were  highly  instru¬ 


mental  in  aiding  the  establishment 
of  commercial  orcharding  during  the 
formative  years.  Their  chief  inter¬ 
est  was  selling  nursery  stock,  but 
they  maintained  model  orchards  to 
demonstrate  the  possibilities  of  or¬ 
charding  in  the  region.  Most  of  the 
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nurseries  now  are  gone,  but  some  of 
the  present-day  orchards  are  still 
operated  by  descendants  of  early 
nurserymen — orchardists. 

In  the  meantime,  settlers  had  dis¬ 
covered  ways  to  utilize  the  rich 
prairies  of  central  Illinois  for  farm¬ 
ing.  As  a  result,  homesteaders  be¬ 
gan  refusing  to  buy  the  poorer  lands 
offered  for  sale  by  the  Illinois  Cen¬ 
tral  Railroad  in  southern  Illinois. 
Since  the  Illinois  Central  had  been 
granted  large  parcels  of  land  by  the 
state  of  Illinois  to  aid  in  building 
its  railroad,  it  was  faced  with  the 
problem  of  selling  its  holdings  in 
the  southern  part  of  the  state  which 
were  not  being  sought  by  prospective 
settlers.  To  be  nearer  its  holdings 
and  to  promote  land  sales  in  south¬ 
ern  Illinois,  the  Illinois  Central 
moved  its  land  office  to  Centralia  in 
1871.  The  railroad  officials,  recog¬ 
nizing  the  marked  success  of  or¬ 
charding  along  the  line  farther  south 
in  the  Anna-Cobden  district,  and  of 
the  nurserymen’s  model  orchards, 
decided  to  recommend  1  his  type  of 
agricultural  specialization  to  pros¬ 
pective  land  purchasers  in  the  Cen¬ 
tralia  area.  Officials  of  the  railroad 
gave  no  little  publicity  to  commer¬ 
cial  orcharding  because  they  were 
convinced  that  it  was  the  most  prom¬ 
ising  branch  of  agriculture  in  the 
southern  part  of  the  state.  The  rail¬ 
road  authorities  correctly  recognized 
that  southern  Illinois  could  not  com¬ 
pete  very  successfully  with  central 
Illinois  in  grain  farming  but  that 
it  could  produce  fruit.  As  an  added 
inducement  to  orcharding,  the  Illi¬ 
nois  Central  for  a  time  even  gave  a 
33%  rate  reduction  to  fruit  shipped 
from  southern  Illinois  to  Chicago. 
It  wasn’t  long  before  reports  of  high 
profits  in  fruit  farming  became  wide¬ 


spread,  and  planting  fruit  orchards 
became  almost  a  mania  all  along  the 
Illinois  Central  line  in  southern 
Illinois. 

Many  of  the  people  who  became 
interested  in  the  fruit-raising  indus¬ 
try  were  attracted  to  southern  Illi- 
nois  from  elsewhere ;  generally  they 
were  from  the  north.  It  took  consid¬ 
erable  capital  to  launch  a  very  large 
commercial  orchard  farm  and  the 
older  residents,  being  subsistence 
farmers,  didn’t  have  the  resources 
to  develop  the  business  on  as  large 
a  scale  as  the  newcomers.  Yet  en¬ 
tire  communities  became  infected 
with  a  goldrush-like  fever  to  pro¬ 
duce  fruit  commercially. 

In  spite  of  the  great  impetus  given 
to  orchard  agriculture  along  the  Illi¬ 
nois  Central  Railroad,  the  industry 
did  not  spread  north  of  Effingham, 
even  in  its  heyday.  Writers  of  the 
day  sensed  that  orcharding  could 
not  succeed  any  farther  north  be¬ 
cause  of  too  frequent  frost  danger. 
Even  the  Illinois  Central,  for  all  of 
its  enthusiasm  about  orcharding,  did 
not  recommend  apples  and  peaches 
northward  beyond  Effingham.  How¬ 
ever,  it  must  be  stated  that  the  rail¬ 
road  had  no  difficulty  selling  its 
holdings  of  better  agricultural  lands 
northward  and  thus  felt  no  compul¬ 
sion  to  promote  orcharding  outside 
of  southern  Illinois. 

Early  Patterns  of  Distribution 
of  Orchards 

Many  of  the  early  descriptions  of 
the  orchard  economy  leave  the  im¬ 
pression  that  orcharding  was  wide¬ 
spread  over  southern  Illinois.  This 
could  not  have  been  true  for  com¬ 
mercial  orcharding,  although  it  may 
well  have  been  for  kitchen  orchards. 
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Since  orchardists  had  to  haul  their 
fruit  laboriously  bv  teams  and  wag¬ 
on  over  exceedingly  rough  roads,  it 
was  imperative  that  commercial  or¬ 
chards  be  located  within  a  few  miles 
of  the  nearest  railroad  station.  If 
the  haul  was  too  long,  the  fruit 
would  be  damaged  too  much  and  the 
orchardist  could  not  make  the  round 
trip  to  the  station  in  one  day. 

The  resultant  patterns  of  distribu¬ 
tion  in  the  early  commercial  orchard 
regions  were  somewhat  like  irregu¬ 
larly  spaced  beads  on  a  string.  The 


Illinois  Central  Railroad  resembled 
the  string  whereas  the  stations  and 
their  orcharding  clusters  resembled 
beads  (Fig.  2).  Every  station  along 
the  Illinois  Central  did  not  witness 
the  development  of  commercial  or¬ 
charding  around  it.  However,  pat¬ 
terns  of  regionality  were  emerging 
which  have  persisted  to  the  present 
(Fig.  3). 

The  hilly  Ozarks  served  as  the 
setting  for  one  of  these  important 
groups  of  clusters.  Most  of  the  towns 
northward  from  Cairo  to  Carbondale 


Figure  3. 
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developed  as  centers  of  commercial 
orcharding,  though  the  areas  around 
Anna  and  Cobden  became  the  most 
significant.  Cobden  received  the 
greatest  stimulus  of  all  stations, 
partly  because  of  the  great  amount 
of  interest  engendered  by  Parker 
Earl  and  his  refrigeration  develop¬ 
ments,  but  also  because  of  the  Illinois 
Central’s  efforts  to  provide  fast 
train  service  at  special,  low  rates. 
The  area  in  the  vicinity  of  Cobden 
was  admirably  suited  for  orcharding 
since  it  was  in  the  more  hilly  part 
of  the  Ozarks.  Even  pioneer  or- 
chardists  were  aware  of  the  princi¬ 
ples  of  air  and  water  drainage  and 
sought  out  upper  slopes  and  ridges 
for  their  orchards.  Such  sites  were 
especially  abundant  in  the  Anna- 
Cobden  area. 

The  Drift  Plains  Region  (this 
term  applies  to  the  glaciated  portion 
of  southern  Illinois)  provided  the 
other  setting  for  commercial  orchard 
clusters  (Fig.  2).  The  Drift  Plains, 
in  contrast  to  the  Ozarks,  were  quite 
featureless  and  without  appreciable 
hilly  land  and  not  the  type  of  land- 
form  region  one  would  expect  the 
early-day  orchardists  would  have  se¬ 
lected  for  planting  fruit  trees.  Yet 
commercial  orcharding  gained  a 
foothold  in  this  region,  and  several 
stations  along  the  Illinois  Central 
became  centers  of  commercial  or¬ 
chard  activity.  The  most  important 
development  took  place  in  the  vicin¬ 
ity  of  Centralia,  not  because  of  ter¬ 
rain  advantages  especially  but  pri¬ 
marily  because  of  the  intensive  com¬ 
mercial  orchard  promotion  work  of 
the  Illinois  Central  Railroad.  In 
turn,  nurserymen  were  induced  to 
locate  their  nurseries  and  model  or¬ 
chards  in  the  immediate  vicinity.  In 
addition,  the  most  favorable  terrain 


for  locating  the  Illinois  Central  Rail¬ 
road  also  happened  to  be  best  suited 
for  orchard  sites.  This  type  of  ter¬ 
rain  extended  northeastward  from 
Centralia  where  the  Illinois  Central 
followed  long  higher  divides  which 
witnessed  significant  orchard  plant¬ 
ings  at  about  the  same  time  the  Cen¬ 
tralia  cluster  was  developing. 

Three  of  the  present-day  orchard 
regions  in  southern  Illinois  grew  out 
of  the  original  railroad  station 
nuclei.  Two  of  them,  Anna-Cobden 
and  Centralia-Salem,  presently  are 
the  most  important  orchard  regions 
in  southern  Illinois.  Further  en¬ 
largements  of  these  same  orchard 
regions,  beyond  their  early  boun¬ 
daries,  had  to  await  the  building  of 
other  railroads  near  enough  to  the 
original  stations  that  there  was  fus¬ 
ing  of  the  older  clusters  with  the 
new  ones.  A  third  region,  the  Villa 
Ridge,  did  not  become  significant 
for  commercial  orcharding  until 
1910  or  thereabouts  and  remains 
quite  small. 

Very  likely  orcharding  would  not 
have  developed  beyond  the  areas 
traversed  by  the  Illinois  Central  if 
it  had  not  been  for  the  coal  mining 
developments  in  southern  Illinois. 
Several  railroads,  in  seeking  coal, 
provided  transportation  to  new 
areas,  which  local  nurserymen  and 
others  interested  in  developing  cash- 
crop  agriculture  took  advantage  of 
by  promoting  commercial  orchard¬ 
ing.  Two  orchard  regions  (Vienna- 
New  Burnside  and  Sesser)  became 
established  with  this  second  wave  of 
railroad  building.  An  extension  of 
a  third,  Centralia-Salem,  was  made 
possible  by  the  development  of  coal- 
hauling  railroads  near  the  original 
orchard  center. 
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Types  of  Orchard  Fruit 

During  the  formative  years  of 
commercial  orcharding,  apples  were 
favored  in  all  of  the  regions,  where¬ 
as  peaches  took  a  secondary  role. 
The  reasons  why  apples  were  more 
important  were  that  they  were  har¬ 
dier  than  peaches,  were  less  suscepti¬ 
ble  to  frost,  and  required  less  care 
in  growing,  harvesting,  and  ship¬ 
ping.  Apples,  moreover,  could  with¬ 
stand  the  rugged  haul  from  orchard 
to  railroad  station  and  the  rough 
train  trip  far  better  than  could 
peaches.  In  addition,  apples  were 
less  subject  to  diseases  and  pests, 
whose  control  was  poorly  under¬ 
stood.  It  was  possible  to  select 
varieties  of  apples  with  differing 
harvesting  dates  so  that  the  market¬ 
ing'  season  could  be  greatly  extended. 
Peaches,  on  the  other  hand,  ripen 
within  a  very  short  period  of  time 
and  must  be  disposed  of  very  quick¬ 
ly.  Because  of  the  above  factors, 
not  one  orchard  region  in  southern 
Illinois  had  as  many  peach  trees  as 
it  did  apples,  until  after  the  turn 
of  the  century. 

The  earliest  orchardists  and  sub¬ 
sistence  farmers  experimented  with 
cherries  and  plums  but  soon  discov¬ 
ered  that  they  did  not  have  the 
knowledge  to  combat  diseases  and 
pests  which  vigorously  attacked  these 
two  fruits  in  southern  Illinois. 
Plantings  of  pears  were  more  preva¬ 


lent  than  of  cherries  and  plums,  but 
the  kinds  of  pears  which  could  be 
raised  successfully  were  the  hard 
variety  and  thus  were  not  as  readily 
acceptable  in  the  urban  markets  as 
were  apples  and  peaches. 

Summary 

The  development  of  orcharding  in 
southern  Illinois  followed  definite 
patterns  which  are  important  in  an 
understanding  of  present-day  condi¬ 
tions.  Early  subsistence  farmers 
tested  the  environment  and  found 
it  suitable  for  fruit  production.  The 
coming  of  the  Illinois  Central  Bail- 
road  made  it  possible  to  market 
fruit  in  northern  urban  areas.  The 
Illinois  Central  aggressively  pro¬ 
moted  orcharding  by  several  devices 
and  left  lasting  imprints  on  the 
areas.  Present-day  orchard  areas 
reflect  early  associations  with  the 
railroads  and  the  stations  around 
which  commercial  orcharding  took 
root.  Coal-seeking  railroads  indi¬ 
rectly  opened  up  other  areas  for  or¬ 
charding  by  providing  necessary 
transportation  facilities.  Develop¬ 
ments  of  refrigeration  in  the  Cobden 
area  focused  nationwide  attention 
on  it  as  an  orchard  region.  Many 
individuals,  nurserymen,  and  set¬ 
tlers  with  capital  had  great  faith  in 
commercial  orcharding  and  enthusi¬ 
astically  promoted  its  firm  establish¬ 
ment  in  the  agriculture  economy  of 
southern  Illinois. 
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Introduction 

The  present  paper  is  an  attempt 
to  show  through  comparative  re¬ 
gional  analysis  the  position  which 
the  state  of  Illinois  has  taken  in  the 
national  trend  toward  increasing 
corn  yields  per  acre. 

The  sharp  rise  in  average  corn 
yields  per  acre  which  occurred  in 
the  United  States  during  the  past 
two  decades  has  brought  about  a 
significantly  larger  output  of  corn, 
and  at  the  same  time  has  made  it 
possible  to  reduce  the  acreage  on 
which  corn  is  grown.  Illinois  has 
taken  a  prominent  position  in  this 
development.  For  the  country  as  a 
whole,  average  corn  production  dur¬ 
ing  the  decade  1943-1952  was  18% 
higher  than  the  average  production 
during  the  decade  1900-1909  (Table 
1).  At  the  same  time,  the  acreage 
from  which  corn  was  harvested  has 
been  reduced  10%.  With  respect 
to  Illinois,  figures  show  an  increase 
of  23%  in  corn  production,  and  a 
decline  in  corn  acreage  of  16%. 
Figures  for  the  increase  in  corn 
yields  per  acre,  related  to  the  base 
years  given  above,  are  31%  for  the 
nation  as  a  whole,  and  39%  for  Illi¬ 
nois. 

As  a  corn-producing  state,  Illinois 
ranks  second  only  to  Iowa.  The  lat¬ 
ter  state  has  the  largest  corn  acre¬ 
age  and  the  largest  production.  The 
leading  position  of  Iowa  in  corn 


yields  per  acre,  however,  has  been 
lost.  During  the  10-year  period, 
1943-1952,  corn  yields  in  Illinois 
were  45%  above  the  national  aver¬ 
age,  and  higher  than  in  any  other 
state  of  the  nation. 

A  map  of  average  corn  yields  per 
acre  in  the  United  States  exhibits 
great  regional  diversity  (Fig.  1)  ; 
since  very  little  corn  is  grown  in 
the  New  England,  Rocky  Mountain, 
and  Pacific  states,  these  areas  have 
been  excluded  from  the  present  dis¬ 
cussion).  In  many  of  the  Midwest¬ 
ern  states,  corn  yields  are  twice  as 
high  as  in  most  states  of  the  South. 
Generally  speaking,  they  rank  above 
the  national  average  in  the  Corn 
Belt,  Lake,  and  Middle  Atlantic 
states,  and  below  the  national  aver¬ 
age  in  the  South  and  the  Great 
Plains  states. 

On  a  national  basis,  corn  yields 
per  acre  have  shown  an  astonishing 
increase  during  the  past  two  decades. 
From  the  early  part  of  the  century 
until  the  middle  twenties,  they  aver¬ 
aged  only  26  to  28  bushels  per  acre. 
A  subsequent  decline,  partly  due  to 
poor  farm  management,  but  also  a 
consequence  of  drought  during  the 
middle  thirties,  was  followed  by  a 
steep  rise.  During  the  past  30  years, 
corn  yields  in  the  United  States 
averaged  nearly  36  bushels  per  acre. 

In  the  race  for  higher  corn  yields 
per  acre,  several  states  have  taken  a 
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Fig.  1.— Average  corn  yields  per  acre  in  corn  growing  area,  1943-1952  (Fluctuations 
in  Crops  and  Weather,  1866-1948,  and  Agric.  Sta.,  1951  to  1953). 


more  prominent  position  than  others 
(Fig*.  2).  Of  the  31  corn-producing 
states  to  the  east  of  the  Rocky 
Mountains,  9  have  raised  their  yields 
more  than  12  bushels  per  acre,  while 
5  states  have  failed  to  obtain  any 
significant  increase.  In  Oklahoma 
and  Texas,  average  corn  yields  have 
actually  declined. 

The  most  important  factors  which 
have  contributed  to  increases  in  corn 
yields  per  acre  are:  (1)  use  of  hy¬ 
brid  seed;  (2)  more  abundant  and 
more  effective  fertilization;  (3)  the 
mechanization  of  farm  operations ; 
and  (4)  changes  in  the  pattern  of 
corn  acreage  and  improvements  in 
crop  rotation. 

Hybrid  Seed 

The  introduction  of  hybrid  corn 
in  the  United  States  was  followed 
by  a  rapid  development  in  the  use 
of  this  type  of  seed.  While  corn 
hybrids  were  unknown  to  farmers 
until  the  middle  thirties,  they  oc¬ 


cupied  nearly  one-third  of  the  na¬ 
tion’s  corn  acreage  in  1940,  over  one- 
half  in  1943,  and  more  than  four- 
fifths  in  recent  years. 

In  all  instances,  hybrid  corn 
strains  are  bred  in  order  to  obtain 
optimum  yields  per  acre.  The  spe¬ 
cific  qualities  which  are  desired  of 
the  hybrid  plant,  however,  vary 
widely  with  local  conditions.  As  a 
result,  literally  hundreds  of  differ¬ 
ent  hybrid  strains  have  been  devel¬ 
oped  and  tested  during*  the  past  20 
years.  To  fit  local  conditions,  they 
may  be  bred  to  be  drought  resistant, 
early  maturing,  or  resistant  to  spe¬ 
cific  insects  or  fungus.  Often  the 
aim  is  to  achieve  a  combination  of 
these  qualities. 

Up  to  the  present  time,  the  result 
of  the  use  of  hybrid  corn  in  terms 
of  increased  corn  yields  per  acre 
has  varied  considerably  in  different 
regions.  The  following*  examples 
are  evidence  for  the  great  regional 
diversity  in  the  response  to  hybrid 
seed. 


Changing  Corn  Yields  Per  Acre 


159 


INCREASE  AND  DECREASE 
IN  AVERAGE  CORN  YIELDS 
PER  ACRE 

1900-09  TO  1943-52 

BUSHELS 
+  12  OR  MORE 
+  6  TO  +  12 
+  2  TO  +  6 
+  2  TO  -2 
-2  OR  MORE 


100 

_jL_ 


30 


Fig.  2. — Increase  and  decrease  in  average  corn  yields  per  acre,  1900-1909  to  1943-1952 
(Fluctuations  in  Crops  and  Weather,  1866-194S,  and  Agric.  Sta.,  1951  to  1953). 


In  Illinois,  the  increase  in  corn 
yields  per  acre  was  greatest  during 
the  forties;  it  was  closely  associated 
with  the  introduction  of  hybrid  seed 
(Fig.  3). 

Sizable  increases  in  corn  yields 


per  acre  in  Wisconsin  and  Minne¬ 
sota  (Fig.  2)  and  the  large  percent¬ 
age  of  corn  acreage  planted  to  hy¬ 
brid  seed  during  the  past  17  years 
in  these  two  states (  Fig.  3)  illus¬ 
trate  the  great  success  in  the  devel- 


PERCENT  OF  TOTAL  CORN  ACREAGE  IN  HYBRID  SEED,  1936-1952 
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Fig.  3. — Percent  of  total  corn  acreage  in  hybrid  seed  for  selected  states,  1936  to  1952 

(Agric.  Sta.,  1945  to  1953). 
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opment  of  early  maturing  hybrid 
strains.  In  Michigan,  the  increase 
in  corn  yields  from  1900-1909  to 
1943-1952  was  considerably  less 
(Fig.  2).  This  may  partly  be  at¬ 
tributed  to  a  later  start  in  the  de¬ 
velopment  and  application  of  suit¬ 
able  hybrid  strains  (Fig.  3).  During 
the  last  few  years,  however,  the  per¬ 
centage  of  corn  acreage  planted  to 
hybrid  corn  in  Michigan  was  nearly 
equal  to  that  of  Wisconsin  and  Min¬ 
nesota.  If  yield  changes  from  1900- 
1909  to  1950-1952  are  compared,  the 
increase  in  corn  yields  per  acre  in 
Michigan  is  nearly  as  great  as  in 
Wisconsin  and  Minnesota. 

The  relatively  insignificant  in¬ 
crease  in  corn  yields  per  acre  in 
Nebraska,  in  spite  of  a  fairly  high 
percentage  of  all  corn  acreage  in 
hybrid  seed,  witnesses  a  much  small¬ 
er  success  in  the  development  of 
drought  resistant  hybrid  strains. 

In  the  South,  the  percentage  of 
corn  acreage  planted  to  hybrid  seed 
has  until  recently  been  rather  low. 
In  1950,  Virginia  and  Kentucky 
were  the  only  southern  states  that 
had  more  than  70%  of  their  total 
corn  acreage  in  hybrids. 

Fertilization 

Some  states,  such  as  North  Caro¬ 
lina,  have  shown  actual  increases 
in  corn  yields  per  acre  comparable 
to  what  has  been  obtained  in  Illinois, 
Wisconsin,  or  Minnesota.  Hybrid 
corn,  however,  has  been  quite  unim¬ 
portant  (Fig.  3).  In  the  case  of 
North  Carolina,  the  answer  to  the 
great  increase  in  average  corn  yields 
seems  to  be  increased  fertilization  of 
the  soil. 

While  the  consumption  of  com¬ 
mercial  fertilizers  in  the  United 


States  during  the  early  thirties  was 
little  greater  than  at  the  beginning 
of  the  century,  it  has  rather  steadily 
increased  in  recent  years.  On  a  na¬ 
tional  basis,  the  quantity  of  ferti¬ 
lizers  consumed  has  more  than 
doubled  during  the  past  two  decades. 
At  the  same  time,  the  fertilizers  were 
improved  in  quality  (Harris,  1954). 

Through  increased  fertilization, 
farmers  are  able  to  grow  more  plants 
on  a  given  area,  provided  that  the 
water  supply  is  sufficient.  In  the 
more  humid  parts  of  the  corn-grow¬ 
ing  area,  the  larger  number  of  plants 
per  acre  in  recent  years,  as  com¬ 
pared  to  the  beginning  of  the  cen¬ 
tury,  has  helped  considerably  to  in¬ 
crease  the  output  per  acre. 

Unfortunately,  data  indicating  the 
amount  of  fertilizers  consumed  for 
various  crops  are  not  readily  obtain¬ 
able  on  a  state  basis.  Therefore,  it 
is  presently  impossible  to  trace  on 
a  statistical  basis  the  effect  of  in¬ 
creased  fertilization  on  the  changing 
patterns  of  corn  yields  per  acre. 
Using  the  available  figures  of  total 
fertilizer  consumption  and  of  acre¬ 
ages  in  different  crops,  one  can  only 
compute  some  index  for  the  over-all 
intensity  of  fertilization.  This  in¬ 
dex  may  later  serve  as  the  basis  for 
a  rough  estimate  of  the  intensity  of 
fertilization  in  corn  cultivation. 

In  order  to  obtain  an  index  for 
the  over-all  intensity  of  fertilization 
in  different  states,  the  writer  has 
computed  the  fertilizer  consumption 
per  acre  in  primary  fertilized  crops 
(Fig.  4).  The  “ primary  fertilized 
crops”  include  corn,  cotton,  wheat, 
oats,  vegetables,  tobacco,  and  rice. 
Some  of  these  crops,  however,  are 
more  heavily  fertilized  than  others. 
The  writer  would  estimate  that 
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Fig.  4.— Tons  of  fertilizer  per  1,000  acres  of  primary  fertilized  crops,  1929  and 
1949  (Agric.  Sta.  1938,  1951  to  1952;  U.S.  Census  Agric.,  1950;  data  for  fertilizer  ap¬ 
plication  computed  by  dividing  average  consumption  of  commercial  fertilizers  during 
1928-1930  and  during  1948-1950  by  total  number  of  acres  in  seven  primary  fertilized 
crops  in  1929  and  1949,  respectively). 


vegetables  and  tobacco  are  most 
heavily  fertilized ;  second  in  order 
are  cotton  and  rice ;  third  is  corn ; 
and  fourth  are  wheat  and  oats.  In 
instances  where  total  fertilizer  con¬ 
sumption  is  rather  low,  nearly  all 
fertilizer  may  be  applied  to  only  one 
or  two  intensively  fertilized  crops. 
Therefore,  if  increases  in  corn  yields 
per  acre  are  to  be  related  to  the  in¬ 
creasing  intensity  of  over-all  ferti¬ 
lization,  one  must  take  into  consider¬ 
ation  not  only  the  increase  in  over¬ 
all  fertilization,  but  also  the  present 
intensity  of  fertilization. 

North  Carolina  ranks  sixth  place 
among  all  states  in  tonnage  increases 
in  fertilizer  consumption  per  acre 
in  primary  fertilized  crops  (Fig.  4). 
Increases  were  greater  only  in 
Florida  and  New  Jersey  (both  states 
having  relatively  large  acreages  in 
such  very  intensively  fertilized  crops 
as  vegetables),  in  Virginia  and  West 


Virginia  (where  corn  yields  have 
increased  about  as  much  as  in  North 
Carolina),  and  by  a  very  small  mar¬ 
gin  in  Kentucky.  In  terms  of  the 
present  intensity  of  fertilization, 
North  Carolina  occupies  fourth 
place,  being  surpassed  only  by 
Florida,  New  Jersey,  and  Virginia. 
Average  fertilizer  consumption  per 
acre  in  primary  fertilized  crops  in 
North  Carolina  is  five  times  as  great 
as  for  the  nation  as  a  whole,  and 
two  and  a  half  times  as  much  as  in 
Kentucky.  At  the  present  time,  the 
intensity  of  fertilization  in  Ken¬ 
tucky  is  only  little  more  than  what 
it  was  in  North  Carolina  some  20 
years  ago.  One  may  assume,  there¬ 
fore,  that  the  amount  of  fertilizer 
applied  to  corn  in  Kentucky  at  this 
time  is  not  large  enough  to  raise  the 
state’s  average  corn  yield  per  acre 
to  the  same  extent  as  it  has  been 
raised  in  North  Carolina. 
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In  the  western  parts  of  the  corn¬ 
growing  area,  where  soil  fertility 
ranks  rather  high  and  where  the 
land  has  been  under  cultivation  for 
a  comparatively  short  time,  fertiliza¬ 
tion  is  still  quite  insignificant  (see 
Nebraska,  Fig.  4).  Also  in  Illinois, 
present  fertilizer  consumption  per 
acre  in  primary  fertilized  crops 
ranks  below  the  national  average. 
However,  in  view  of  the  fact  that 
only  20  years  ago  fertilization  was 
hardly  practiced  at  all,  the  increase 
in  fertilizer  consumption  is  consid¬ 
erable. 

In  recent  years,  a  trend  toward 
more  intensive  fertilization  has  be¬ 
come  common  to  all  Corn  Belt  and 
Lake  states.  This  may  partly  be 
attributed  to  the  large  acreages 
planted  to  hybrid  corn.  Hybrid 
plants,  by  growing  larger  and  de¬ 
veloping  a  more  extensive  and 
stronger  root  system,  deplete  soils 
at  a  faster  rate  than  open-pollinated 
varieties. 

Mechanization  of  Farm 
Operations 

An  additional  factor  in  increasing 
corn  yields  per  acre  in  the  United 
States  has  been  the  introduction  of 
new  farm  machinery.  The  use  of 
tractors,  mechanical  corn  pickers, 
and  other  improved  machinery  has 
not  only  facilitated  farm  operations 
but  has  also  helped  to  make  farm 
management  more  efficient.  Methods 
of  plowing,  seedbed  preparation, 
planting,  crop  cultivation,  and  har¬ 
vesting  have  often  been  improved. 
At  the  same  time,  the  number  of 
man-hours  required  to  take  care  of 
the  corn  crop  in  the  United  States 
has  been  reduced  some  65%  since 
the  beginning  of  the  century  (Agric. 
Stat.,  1952:  709). 


The  introduction  of  farm  machin¬ 
ery  has  been  a  most  significant  de¬ 
velopment  in  the  Corn  Belt  and  Lake 
states ;  but  this  movement  developed 
at  a  much  slower  pace  in  the  south¬ 
ern  parts  of  the  country.  The  rea¬ 
son  for  this  difference  in  trends  may 
be  explained  by  yet  another  compari¬ 
son  of  Illinois,  North  Carolina,  and 
Nebraska. 

In  1949,  the  average  corn  acreage 
per  farm  in  North  Carolina  was  only 
9  acres,  compared  to  83  acres  in 
Nebraska,  and  56  acres  in  Illinois 
(LT.  S.  Census  of  Agric.  1950:  532- 
534).  In  North  Carolina,  75%  of 
the  farms  reporting  corn  have  acre¬ 
ages  of  less  than  10  acres;  in  Ne¬ 
braska,  this  figure  is  only  4%  and 
in  Illinois  23%.  In  North  Carolina, 
most  farms  have  acreages  so  small 
that  the  purchase  of  expensive  farm 
machinery  could  not  be  considered 
a  sound  investment.  In  Illinois, 
Nebraska,  and  other  midwestern 
states,  the  mechanization  of  farm 
operations  has  become  an  economic 
necessity.  In  1951,  an  estimated 
15%  of  the  corn  acreage  for  grain 
was  harvested  by  mechanical  pickers 
in  North  Carolina,  compared  to  90% 
in  Nebraska,  and  93%  in  Illinois 
(Harv.  Corn  for  Grain,  1953:  8). 

The  effects  of  mechanized  crop 
cultivation  on  average  corn  yields 
per  acre  have  varied  not  only  with 
the  degree  of  mechanization,  but 
also  with  the  relative  need  which 
exists  for  the  improvements  which 
mechanization  can  help  to  accom¬ 
plish.  In  the  northern  parts  of  the 
corn-growing  area,  for  example,  the 
greater  speed  in  the  seedbed  prepa¬ 
ration  and  planting  of  corn  has  be¬ 
come  most  significant  to  corn  culti¬ 
vation.  The  use  of  tractors  has  made 
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it  possible  for  farmers  to  plant  their 
corn  within  such  a  short  time  that 
unfavorable  weather  conditions  in 
spring’  need  not  result  in  an  unusual¬ 
ly  short  growing  season  and  in  a 
diminished  harvest  (Harris,  1954). 
In  areas  which  have  the  advantage 
of  a  relatively  long-growing  season, 
planting  dates  are  less  critical.  In 
the  corn-growing  areas  of  North 
Carolina,  for  example,  where  the 
frost-free  period  extends  over  a  con¬ 
siderably  longer  period  than  in  the 
northern  parts  of  the  Corn  Belt 
(Climate  and  Man,  1941 :  746),  farm 
machinery  would  do  much  less  to 
raise  average  corn  yields  per  acre. 

Changes  in  the  Pattern  of 
Corn  Acreage 

Corn  acreage  has  declined  at  a 
considerably  faster  rate  in  Illinois 
than  in  the  nation  as  a  whole 
(Table  1). 

A  decline  in  corn  acreage  may  re¬ 
flect  two  essentially  different  trends  : 
(1)  It  may  indicate  improvements 
in  crop  rotation,  as  has  been  the  case 
in  the  claypan  areas  of  northeastern 
Missouri,  of  large  areas  of  southern 
Illinois,  and  of  southwestern  Indi¬ 


ana;  or  (2)  it  may  indicate  that 
land  has  been  taken  out  of  corn  and 
converted  to  other  uses.  This  has 
been  the  case  in  large  areas  of  cen¬ 
tral  and  western  Kansas,  central 
Oklahoma,  parts  of  northeastern  and 
north  central  Texas,  and  in  sections 
of  the  southern  Piedmont  region. 
In  nearly  all  instances,  decreases  in 
corn  acreage  have  contributed  to¬ 
ward  higher  corn  yields  per  acre, 
because  most  commonly  the  less  pro¬ 
ductive  land  was  taken  out  of  corn. 

The  claypan  area  of  southern  Illi¬ 
nois  is  an  excellent  example  of  a 
situation  where  improvements  in 
crop  rotation  with  a  consequent  de¬ 
crease  in  corn  acreage  have  resulted 
in  a  substantial  increase  in  corn 
yields  per  acre.  On  most  of  the  land 
in  southern  Illinois,  which  by  rea¬ 
son  of  its  heavy  and  compact  soils 
was  not  well  suited  to  corn  cultiva¬ 
tion,  corn  acreage  has  declined  sig¬ 
nificantly  during  the  past  12  or  15 
years.  At  the  same  time,  soybeans 
were  introduced,  and  as  a  pioneer 
crop  have  done  much  to  improve 
drainage  and  aeration  in  the  soil 
(Weaver,  1954:  44-47).  Soybeans 
have  offered  the  additional  advan¬ 
tage  of  adding  to  the  nitrogen  com- 


Table  1. — Changes  in  Corn  Production,  Acreage,  and  Yields  Per  Acre, 

1900-1909  to  1943-1952. 


Years 

Production 
(1,000  bushels) 

Harvested  acreage 
(1,000  acres) 

Yield  per  acre 
(bushels) 

U.  S. 

Ill. 

U.  S. 

Ill. 

U.  S. 

Ill. 

1900-1909 . 

1943-1952 . 

2,613,215 

3,085,755 

369 , 789 
456,421 

95,818 

86,332 

10,437 

8,763 

27.3 

35.8 

37.3 

51.9 

Absolute  change .  . 

+472,540 

+86,632 

-9,486 

-1,674 

+8.8 

+  14.6 

Percentage  change 

+  18.1 

+23.4 

—9.9 

-16.0 

+31.1 

+39.1 
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ponent  in  the  soil,  and  thereby  fer¬ 
tilizing*  the  crop  which  follows  in 
rotation.  On  some  of  this  land,  soy¬ 
beans  are  now  rotated  regularly 
with  corn. 

Several  acreage  changes  which  oc¬ 
curred  in  other  parts  of  the  country 
have  been  effective  in  raising  aver¬ 
age  corn  yields  for  the  entire  United 
States.  For  example,  the  abandon¬ 
ment  of  corn  cultivation  in  the  low- 
yielding  areas  of  central  and  western 
Kansas,  central  Oklahoma,  and  in 
the  northern  parts  of  Texas  has 
raised  the  national  yield  average. 
The  expansion  of  corn  acreage  in 
Minnesota  and  Wisconsin  during  the 
past  two  decades  has  been  equally 
beneficial  to  the  national  yield  aver¬ 
age,  because  corn  yields  rank  high 
in  these  two  states. 

Summary 

The  preceding  discussion  has  pre¬ 
sented  evidence  that  none  of  the 
factors  which  have  contributed  to¬ 
ward  increased  corn  yields  per  acre 
in  the  United  States  has  been  of 
equal  importance  in  all  parts  of  the 
country.  The  following  paragraphs 
summarize  the  above  findings  by 
focusing  attention  on  the  position 
of  Illinois  in  the  national  trend  to¬ 
ward  increased  corn  yields. 

In  the  development  of  hybrid  seed, 
Illinois  has  occupied  a  leading  posi¬ 
tion  and  still  holds  it.  For  the  past 
six  years,  all  of  the  state ’s  corn  acre¬ 
age  has  been  planted  to  hybrids.  The 
increase  in  corn  yields  through  the 
use  of  improved  seed,  however,  has 
not  yet  run  its  course.  At  the  pres¬ 
ent  time,  a  large  variety  of  new 
hybrid  strains  with  larger  yielding 
potentials  under  specific  local  con¬ 


ditions  is  being  developed  and  tested 
with  many  excellent  results. 

The  intensity  of  fertilization  in 
Illinois  is  less  than  the  average  for 
the  United  States.  However,  the 
percentage  increase  in  fertilizer  con¬ 
sumption  in  Illinois  surpasses  the 
national  average  by  a  considerable 
margin.  One  may  expect  that,  with 
the  continued  use  of  hybrid  corn, 
fertilization  will  become  increasing¬ 
ly  necessary,  and  that  fertilizer  con¬ 
sumption  will  continue  to  increase 
rather  rapidly  in  Illinois. 

Illinois  holds  a  leading  position  in 
the  use  of  farm  machinery  in  corn 
cultivation.  In  the  northern  parts 
of  the  state,  farm  tractors  have 
helped  to  overcome  the  disadvan¬ 
tages  of  a  relatively  short  growing 
season.  In  the  southern  claypan 
areas,  the  power  of  the  tractor  has 
enabled  farmers  to  plow  deeper  and 
to  work  the  heavy  clay  soils  more 
effectively  (Weaver,  1954:  44-47). 
At  the  present  time,  corn  cultivation 
in  Illinois  is  nearly  completely  mech¬ 
anized.  Further  advantages  by 
means  of  mechanization,  however, 
may  eventually  be  obtained  by  im¬ 
provements  of  the  existing  machin¬ 
ery  or  by  the  development  and 
application  of  new  machines. 

The  decrease  in  corn  acreage 
which  occurred  in  the  southern  sec¬ 
tions  of  Illinois  has  definitely  con¬ 
tributed  to  higher  corn  yields  with¬ 
in  this  area,  and  has  thereby  raised 
the  yield  average  for  the  entire 
state.  If  in  the  future  further  re¬ 
ductions  in  corn  acreage  should  be 
desirable,  one  may  expect  that  once 
more  decreases  in  corn  acreage  will 
be  greatest  where  corn  jdelds  per 
acre  are  lowest. 
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The  relatively  steep  decline  in 
corn  acreage  in  Illinois  as  compared 
to  the  total  in  the  United  States 
(Table  1)  has  not  impaired  the 
relative  position  of  Illinois  as  a  corn- 
producing’  state.  The  percentage  in¬ 
crease  in  corn  production  in  Illinois 


has  been  considerably  greater  than 
for  the  United  States  as  a  whole. 
As  a  result,  Illinois  has  contributed 
a  larger  share  to  the  total  corn  pro¬ 
duction  of  the  United  States  in  re¬ 
cent  years  than  at  the  beginning  of 
the  century. 
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GEOLOGY 

DOLOMITIZATION  OF  THE  PLATTEVILLE 

LIMESTONE 

D.  M.  HENDERSON  AND  F.  H.  T.  RHODES 

University  of  Illinois .  Urbana 


Introduction 

It  is  the  purpose  of  this  paper  to 
call  attention  to  some  distinctive 
dolomite  spheroids  in  the  Platteville 
limestone  (middle  Ordovician)  from 
the  Dixon  area,  Illinois,  and  to  at¬ 
tempt  to  relate  them  to  other  aspects 
of  the  dolomitization.  The  speci¬ 
mens  studied  were  collected  from  an 
abandoned  quarry  on  the  east  side 
of  the  road  in  the  SW.  %  SW.  % 
NW.  %  Sec.  22,  T.  22  N.,  R.  9  E., 
Lee  County  (Dixon  quadrangle) 
Illinois.  The  present  study  is  lim¬ 
ited  to  specimens  from  a  six-foot 
zone  in  the  Mifflin  formation,  desig¬ 
nated  by  Templeton  and  Willman 
(1952  :  6)  as  the  Hazelwood  member. 
This  member  consists  of  well-bedded 
limestone  with  varying  amounts  of 
dolomite  and  is  contained  in  the 
Platteville  group  which  comprises 
approximately  125  feet  of  limestone 
and  dolomite.  A  general  account  of 
the  geology  of  the  area  is  given  by 
Knappen  (1926)  and  a  more  detailed 
account  of  the  stratigraphy  by  Tem¬ 
pleton  and  Willman  (1952). 

The  dolomite  spheroids  were  dis¬ 
covered  in  a  search  for  microfossils 
in  residues  from  acid  digestion.  On 
first  sight,  they  appeared  to  be  an 
uncommon  type  of  agglutinated  for- 


aminifera  having  carbonate  tests 
similar  to  those  reported  by  Yabe 
and  Hanzawa  (1935).  Inasmuch  as 
further  study  indicated  that  they 
were  probably  not  foraminifera,  an 
attempt  was  made  to  obtain  infor¬ 
mation  on  their  origin  from  a  tex¬ 
tural  and  mineralogic  study  of  rep¬ 
resentative  specimens  of  the  host 
rock.  This  study  was  made  with 
the  aid  of  thin-sections,  acid  resi¬ 
dues,  stained  and  etched  ground  sur¬ 
faces,  and  electron  micrographs. 

Textural  Varieties 

Six  principal  types  of  textural 
relationships  of  dolomite  were  ob¬ 
served  in  the  dolomitic  limestones. 
They  are :  1 )  scattered  crystals ; 

2)  dolomite  spheroids;  3)  “veinlets” 
and  strings  of  crystals;  4)  “dis- 
coidal 7  ’  masses ;  5 )  streamers  and 
festoons  of  crystals  ;  and  6 )  ‘  ‘  f  u- 
coidal”  dolomite. 

These  six  types  occur  in  varying 
degrees  of  intensity  of  development 
and  in  various  combinations  to  pro¬ 
duce  the  different  lithologic  varie¬ 
ties  in  the  Hazelwood  member.  The 
principal  features  of  these  textural 
types  are  summarized  in  the  follow¬ 
ing  descriptions : 
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1) .  Scattered  crystals. — Scattered 
dolomite  r  h  o  m  b  o  h  e  d  r  a  occur 
throughout  the  virtually  undolomi- 
tized  parts  of  the  homogeneous 
aphanitic  limestone  that  serves  as 
the  host  material  for  all  the  types 
of  dolomite  distribution.  The  rhom- 
bohedra  average  approximately  0.1 
mm.  across  and  occur  either  as  iso¬ 
lated  crystals  or  as  irregular  clusters 
of  up  to  a  half-dozen  crystals.  Their 
concentration  ranges  from  a  thin 
scattering  in  some  parts  of  the  rock 
to  a  close  crowding  in  other  parts. 
This  type  of  distribution  is  charac¬ 
teristic  of  the  parts  of  the  rock  not 
occupied  by  the  other  types  of  dolo¬ 
mite. 

2) .  Dolomite  spheroids.  —  The 
spheroids  have  been  recognized  only 
in  the  parts  of  the  limestone  contain¬ 
ing  the  scattered  crystals  of  dolo¬ 
mite.  They  are  irregularly  distrib¬ 
uted  and  generally  are  not  closer  to 
one  another  than  a  few  centimeters. 

More  or  less  well-formed  spheroids 
(Fig.  1)  range  from  0.2  mm.  to  10 
mm.  in  diameter,  but  the  most  reg¬ 
ular  ones  average  approximately 
0.5  mm.  Some  range  to  elongate 
ellipsoids  and  many  others  exhibit 
varying  degrees  of  irregularity.  Sec¬ 
tions  through  the  spheroids  reveal 
that  many  of  the  more  regular  ones 
have  a  central  cavity  approximately 
1/10  to  1/8  of  the  total  diameter, 
which  is  commonly  filled  with  earthy 
limonite. 

The  spheroids  consist  of  crystals 
of  almost  pure  magnesian  dolomite 
(w  =  1.681  ±  .003)  which  average 
approximately  0.05  mm.  across.  The 
crystals  are  interlocking  in  the  in¬ 
teriors  of  the  spheroids  and  are 
euhedral  along  the  contact  with  the 
surrounding  limestone.  Measurement 


Fig.  1. — Typical  well-formed  dolemite 
spheroids.  Magnification  approx.  X  36. 


Fig.  2. — Scattered,  well-formed  dolo¬ 
mite  spheroids,  shown  on  etched  and 
stained  ground  surface  of  slightly  dolo- 
mitized  Platteville  limestone.  Faint,  ir¬ 
regular,  pencil  circle  in  central  part  of 
picture  locates  an  especially  well-formed 
spheroid.  White  arrows  locate  others. 
Magnification  approx.  X  9. 


Fig.  3. — Ground,  etched  and  stained 
dolomitized  Platteville  limestone  show¬ 
ing:  (a)  micro-stylolitic  fractures,  two 
of  which  are  indicated  by  arrows,  (b) 
“discoidal”  dolomite  masses,  following 
bedding  fractures.  Magnification  approx. 
X  4. 
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of  the  orientations  of  the  c-axes  of 
the  component  crystals  by  the  uni¬ 
versal  stage  indicates  a  random  ori¬ 
entation  within  the  spheroids. 

In  general,  the  spheroids  appear 
to  be  randomly  distributed  in  the 
nndolomitized  parts  of  the  limestone 
(Fig.  2),  although  locally  a  few  ap¬ 
pear  to  be  distributed  along  the  bed¬ 
ding. 

That  these  spheroids  are  neither 
unaltered  agglutinated  carbonate 
foraminifera  nor  close  pseudomorphs 
after  such  organisms  is  shown  by : 
a)  the  closely  interlocking  nature 
of  the  crystals,  as  opposed  to  char¬ 
acteristically  agglutinated  foramini- 
feral  tests;  b)  the  common  absence 
of  a  central  cavity;  c)  the  great 
thickness  of  the  “walls”  where  a 
central  cavity  does  occur ;  and  d )  the 
apparently  continuous  gradation 
from  the  regular  to  the  highly  ir¬ 
regular  forms.  However,  although 
they  are  apparently  not  even  ap¬ 
proximate  replicas  of  any  recognize- 
able  fossil,  the  evidence  does  not  rule 
out  the  possibility  that  some  kind 
of  fossil  served  as  loci  for  the  forma¬ 
tion  of  the  spheroids. 

3 ) .  “V einlets ’ ?  of  crystals. — Small 
“veinlets”  or  strings  of  dolomite 
crystals  are  associated  with  two 
types  of  fractures.  One  type  con¬ 
sists  of  micro-”  stylolitic”  fractures 
(Fig.  3)  which  are  highly  irregular 
in  both  form  and  distribution  and 
which  bear  no  apparent  relation  to 
the  bedding  or  other  structural  fea¬ 
tures.  The  dolomite  occurs  irregu¬ 
larly  as  closely  spaced  rhombohedra 
along  these  fractures.  The  size  of 
the  crystals  (approximately  0.1 
mm.)  is  several  times  greater  than 
the  width  of  the  microfractures. 

The  other  type  of  “veinlet”  is  as¬ 


sociated  with  larger  fractures,  some 
of  which  are  oblique  to  and  some 
parallel  to  the  bedding.  In  these 
the  dolomite  is  mostly  contained 
within  the  fractures.  Most  fractures 
of  this  type,  however,  contain  little 
or  no  such  dolomite. 

4).  “ Discoidal”  masses. — A  large 

amount  of  the  dolomite  in  the  rocks 
studied  occurs  in  roughly  discoidal 
masses  which  are  aligned  approxi¬ 
mately  parallel  to  the  bedding.  Most 
such  masses  are  approximately  one 
to  three  centimeters  thick  and  sev¬ 
eral  centimeters  long.  The  boun¬ 
daries  of  the  masses  are  sharp.  With¬ 
in  them  the  dolomite  occurs  as 
euhedral  to  subhedral  crystals  aver¬ 
aging  0.2  mm.  in  size  with  little 
interstitial  material.  There  is,  how¬ 
ever,  considerable  enclosed  material 
of  two  main  types.  Of  these,  the 
more  common  consists  of  coarsely 
crystalline  calcite  containing  small 
amounts  of  scattered  dolomite.  The 
second  type  consists  of  enclosures  of 
virtually  unaltered  aphanitic  lime¬ 
stone,  and  it  may  be  present  either 
as  completely  enclosed  areas  or  as 
embayments  along  the  margins  of 
the  dolomite  masses.  A  striking  fea¬ 
ture  in  one  of  these  embayments  is 
a  line  of  dolomite  crystals  which  is 
a  projection  of  the  boundary  of  the 
main  embayment,  where  a  smaller 
secondary  embayment  protrudes 
from  it  into  the  dolomite. 

The  shapes  of  these  discoidal 
masses  appear  in  places  to  be  at 
least  partly  controlled  by  fractures 
of  three  main  types.  The  more 
prominent  fractures  are  those  which 
follow  the  bedding,  and  these  fre¬ 
quently  transect  the  masses  longitu¬ 
dinally.  Subsidiary  fractures,  ap¬ 
proximately  parallel  to  these,  coin- 


Fig.  4. — Ground,  etched  and  stained  specimen  showing:  (a)  discoidal  dolomite 
masses  following  bedding  and  oblique  fractures,  (b)  cuspate  boundaries  to  some 
such  masses  (indicated  by  arrow).  The  small  pencil  circle  is  the  same  as  that 
shown  in  Figure  2.  Magnification  approx.  X  1. 


Fig.  5. — Ground,  etched  and  stained  “fucoidal”  dolomite. 
Magnification  approx.  X  0.7. 
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eide  with  the  dolomite  boundaries 
in  many  places.  These  bedding  frac¬ 
tures  are  commonly  intersected  by 
a  series  of  sub-parallel  oblique  frac¬ 
tures,  which  also  influence  the  shape 
of  the  dolomite  masses  in  some 
places  (Fig.  4).  The  third  type  of 
fracture  is  considerably  smaller  than 
the  two  noted  above  and  consists  of 
irregular  to  arcuate  micro-fractures 
which  commonly  coincide  with  the 
boundaries  of  the  dolomite  masses. 
The  intersection  of  these  arcuate 
micro-fractures  commonly  produces 
cuspate  projections  of  the  dolomite 
into  the  limestone  (Fig.  4). 

5).  Festoons  and  streamers.  —  A 
smaller  amount  of  dolomite,  com¬ 
monly  related  to  the  discoidal 
masses,  occurs  in  streamers  and  fes¬ 
toons  of  scattered  crystals  in  the 
aphanitic  limestone.  Some  of  these 
develop  parallel  to  fracture  direc¬ 
tions,  while  others  show  no  obvious 
relationship  to  any  structural  fea¬ 
ture.  Still  others  represent  the  pro¬ 
jections  of  the  cusps  or  larger 
protuberances  along  the  dolomite 


Fig.  6. — Electron  micrograph  of  pol¬ 
ished  etched  surface  of  virtually  un- 
dolomitized  aphanitic  Platteville  lime¬ 
stone.  Magnification  approx.  X  2,000. 


boundaries.  These  relationships  sug¬ 
gest  that  such  features  may  repre¬ 
sent  incipient  stages  of  dolomitiza- 
tion. 

6 ) .  “ Fucoidal ”  dolomit e .  —  The 

“fucoidal”  dolomite  represents  an 
entirely  different  texture  from  any 
of  those  described  above  (Fig.  5). 
The  dolomite  in  this  occurs  in  two 


Fig.  7. — Electron  micrograph  of  pol¬ 
ished,  etched  surface  of  virtually  un¬ 
altered  Platteville  limestone,  showing 
rectangular  fabric.  Magnification  ap¬ 
prox.  X  5,000. 


Fig.  8. — Electron  micrograph  of  frac¬ 
ture  surface  of  virtually  undolomitized 
Platteville  limestone,  showing  acicular 
crystals,  probably  sepiolite.  Magnifica¬ 
tion  approx.  X  2,000. 
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principal  ways.  In  one  of  these  the 
dolomite  occurs  within  “fucoids”  as 
rhombohedra  0.1  mm.  across  and  as¬ 
sociated  with  approximately  equal 
amounts  of  coarse-grained  calcite. 
Many  of  these  dolomite  crystals  ex¬ 
hibit  a  darker  central  zone  when 
stained  with  potassium  ferricyanide. 
These  “fucoidal”  areas  are  sur¬ 
rounded  by  a  second  type  in  which 
the  dolomite  forms  enclosing  fronts 
of  interlocking  crystals  with  no  inter¬ 
stitial  calcite.  Away  from  these 
fronts  the  density  of  distribution  of 
dolomite  crystals  steadily  decreases 
and  is  accompanied  by  correspond¬ 
ing  increase  in  the  interstitial 
aphanitic  calcite. 

Crypto-textures 

In  an  attempt  to  detect  any  sub- 
microscopic  textural  features  which 
may  have  served  as  loci  for  the  de¬ 
velopment  of  the  various  forms  of 
dolomite,  a  considerable  number  of 
electron  photomicrographs  was 
made.  These  showed  no  apparent 
indication  of  any  such  controlling 
features,  although  they  did  reveal  a 
number  of  other  interesting  features. 

Thus,  for  example,  the  electron 
micrographs  provided  valuable  in¬ 
formation  on  the  fabric  of  the 
aphanitic  limestone.  This  fabric  is 
commonly  non-directional  and  is 
well  illustrated  in  Figure  6.  The 
grain  size  ranges  from  approximate¬ 
ly  1  to  5/x.  The  random  crystallo¬ 
graphic  orientations  of  the  calcite 
may  be  determined  from  the  faint 
cleavage  traces  shown  in  some  of  the 
photographs.  A  few  photographs, 
however,  exhibit  a  directional  tex¬ 
ture  in  which  the  grains  are  sub- 
rectangular  and  roughly  aligned 
with  one  another  (Fig.  7).  We  pro¬ 


pose  to  discuss  other  aspects  of  these 
cryptotext ural  features  in  a  later 
communication. 

A  striking  minera logical  feature 
revealed  by  the  electron  micrographs 
is  the  presence  in  the  aphanitic  lime¬ 
stone  of  an  acicular  clay  mineral 
which  is  probably  sepiolite.  (Fig.  8). 
The  presence  of  such  a  magnesian 
clay  mineral  suggests  a  possible 
source  for  at  least  some  of  the  mag¬ 
nesium  involved  in  the  dolomitiza¬ 
tion  of  the  limestone.  Further 
studies  of  this  problem  are  being 
made. 

Summary  and  Conclusions 

The  lithologic  varieties  of  the 
Hazelwood  member  are  due  to  dif¬ 
ferent  combinations  of  six  textural 
types  of  dolomite.  These  different 
types  suggest  that  the  dolomitiza¬ 
tion  may  have  proceeded  in  more 
than  one  way.  One  of  these,  the 
“fucoidal”  type,  was  possibly  con¬ 
trolled  by  the  presence  of  fossils 
or  by  some  primary  texture  within 
the  original,  almost  lithographic 
limestone. 

None  of  the  other  types  can  be 
related  to  primary  features,  with 
the  exception  of  the  discoidal  masses 
which  are  roughly  aligned  parallel 
to  the  bedding.  Even  in  this  instance 
the  controlling  factor  may  have  been 
the  subsequently  formed  bedding 
fractures  rather  than  the  bedding 
itself.  The  dolomite  spheroids,  on 
the  other  hand,  apparently  repre¬ 
sent  one  type  of  locus  of  dolomite 
nucleation  in  those  parts  of  the 
limestone  which  are  structureless, 
homogeneous  and  aphanitic. 

Much  of  the  dolomite  is  associated 
both  directly  and  indirectly  with 
fractures.  Many  of  the  “discoidal” 
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masses  of  dolomite  are  transected 
by  larger  fractures  which  are  paral¬ 
lel  to  the  bedding.  Parts  of  some  of 
these  masses  follow  oblique  frac¬ 
tures.  A  distinctive  feature  of  these 
discoidal  masses  is  the  coincidence 
of  macro-  and  micro-fractures  with 
their  boundaries,  in  a  manner  highly 
suggestive  of  “boundary  fences”  to 
dolomitization.  Much  smaller 
amounts  of  dolomite  occur  along  ex¬ 
tremely  irregular  micro-“  stylolitic  ” 
fractures. 

Although  preliminary  electron 
microscopic  study  did  not  reveal  any 
features  that  may  have  controlled 
the  nucleation  of  dolomite  to  pro¬ 
duce  spheroids  or  other  forms  of 
distribution,  the  study  demonstrated 
the  presence  of  some  interesting  sub- 
microscopic  fabrics  in  the  aphanitic 
parts  of  the  limestone.  Such  micro¬ 


graphs  also  provided  a  valuable  aid 
in  determining  the  detailed  miner¬ 
alogy  of  these  extremely  tine  grained 
rocks.  Thus,  for  example,  they  indi¬ 
cated  in  this  case  the  probable  pres¬ 
ence  of  a  magnesian  clay,  such  as 
sepiolite.  It  is  suggested  that  this 
may  provide  at  least  some  of  the 
magnesium  involved  in  the  dolomi¬ 
tization. 
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JOHN  JOSSELYN ’S  GEOLOGICAL  OBSERVATIONS 

IN  1672-1674 

GEORGE  W.  WHITE 

University  of  Illinois ,  Urbana 


In  seventeenth  -  century  England 
the  stirrings  of  interest  in  science 
culminated  in  the  founding  of  the 
Royal  Society.  The  new  Society 
eagerly  accepted  for  publication  ob¬ 
servations  of  facts  and  of  phenomena 
in  the  New  AVorld  and  reviewed  ap¬ 
provingly  publications  issued  inde¬ 
pendently.  From  a  slightly  lower 
level  came  the  support  of  travel 
books  which  contained  more  or  less 
of  natural  history  and  on  a  still 
lower  level  even  the  common  people 
eagerly  paid  to  see  exhibitions  of 
curiosities  from  across  the  sea 
(Goode,  1901:  68,  378). 

John  Josselyn  was  one  of  the  men 
in  Restoration  England  who  was  in¬ 
fluenced  by  those  who  were  encour¬ 
aging  each  other  in  observation  and 
discussion  of  “rarities”  and  natural 
phenomena.  That  Josselyn,  an  edu¬ 
cated  man  and  possibly  a  physician, 
was  stirred  by  this  influence  to  write 
on  American  natural  history  is  in¬ 
dicated  by  his  statement  that  he 
made  it  his  “business  to  discover 
all  along  the  Natural,  Physical,  and 
Chyrurgical  Rarities  of  this  New¬ 
found  World”  (Mood,  1935:  26). 

John  Josselyn  ( ca .  1608-1675) 1 
was  the  son  of  Sir  Thomas  Josselyn 
of  Willingdale-Doe,  Essex.  He  spent 
15  months  in  1638  and  1639  partly 
in  Massachusetts,  but  mostly  at 
Black  Point  (now  Scarborough), 


Maine,  where  his  older  brother  Hen¬ 
ry  was  an  important  official.  Many 
years  later  he  returned  to  New  Eng¬ 
land  where  he  lived  from  1663  to 
1671.  The  intervening  years  in  Eng¬ 
land  correspond  closely  to  the  period 
of  the  Protectorate  and  must  have 
been  difficult  ones  for  Josselyn,  who 
was  a  staunch  Royalist.  Josselyn, 
a  bachelor  with  no  family  ties, 
could  travel  extensively  and  appears 
to  have  done  so  in  New  England. 

Upon  his  return  to  England  in 
1671  Josselyn  wrote  a  general  de¬ 
scription  of  New  England,  which 
was  published  in  1672  as  New- 
England  Rarities.  So  well  was  this 
received  and  so  favorably  reviewed 
by  the  Royal  Society  that  he  put 
together  his  journals  and  added 
more  material  of  local  color  and  in 
1674  dedicated  to  the  Royal  Society 
An  Account  of  Two  Voyages  to  New- 
England.  .  .  .  This  was  so  successful 
that  a  second  edition  was  necessary 
the  following  year. 

Commentators  on  Josselyn  have 
usually  written  approvingly  of  him. 
N ew-England  Rarities  was  immedi¬ 
ately  and  favorably  reviewed  (by 
Henry  Oldenburg  ?)  in  the  Philo¬ 
sophical  Transactions  of  the  Royal 
Society  (1672:5021-5023).  Edward 
Tuckerman  in  1865  reprinted  Jos¬ 
selyn  ?s  books  and  wrote  approvingly 
of  him  and  of  the  importance  of  his 
botanical  writings.  Tyler  (1885: 
180-185),  the  colonial  literary  his- 


1  [Biographical  information  on  Josselyn  is  not  ex¬ 
tensive;  my  summary  is  derived  from  Felter  (1927), 
Mood  (1933,  1935),  and  Goodwin  (no  date).] 
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torian,  wrote  of  Josselyn  in  a  de¬ 
lightfully  sympathetic  way.  Tyler’s 
little  essay  is  full  of  quotable  re¬ 
marks,  perhaps  the  best  of  which 
is  the  comment  about  “this  author, 
whose  scientific  methods  had  in  them 
so  little  severity.  ...”  The  historian 
of  early  American  biology  (Goode, 

1 901 :  376 )  spoke  approvingly  of 
Josselyn ’s  moderate  tone  and  “pic¬ 
turesque  style”,  but  had  only  a 
moderately  favorable  opinion  of  his 
biological  observations.  The  histor¬ 
ian  of  American  materia  medica, 
Dr.  Felter  (1927:  8),  referred  to 
“the  cheerful  author,  Josselyn”  and 
quoted  extensively  and  approvingly 
his  lengthy  sections  on  plants  and 
medical  observations.  Dr.  Felter  re¬ 
produced  Josselyn ’s  illustrations  of 
plants,  supplied  the  botanical  names 
for  them  as  well  as  for  most  of  the 
plants  listed,  and  gave  the  present 
day  names  of  the  diseases  so  quaint¬ 
ly  but  recognizably  described.  Mood 
(1935)  in  a  critical  and  perceptive 
essay  analyzed  Josselyn ’s  writings 
against  the  background  of  the  time 
in  which  he  worked,  speaking  of  his 
“timeless”  and  “freshness  of  ap¬ 
peal”. 

These  writers  recognized  Jos¬ 
selyn ’s  claim  to  important  and  very 
early  contributions  to  American  bot- 
any,  zoology,  materia  medica,  an¬ 
thropology,  politics,  and  medical  ob¬ 
servations,  but  no  one  of  them,  or  any 
one  else  writing  on  history  of  science, 
as  far  as  I  can  determine,  has  noted 
that  the  two  books  contain  geological 
observations — of  uneven  quality  to 
be  sure — but  of  considerable  impor¬ 
tance. 

Aosselyn ’s  writing  is  delightful 
and  should  be  made  available  to 
present  day  readers.  Josselyn  was 


a  man  of  4  ‘  polite  reading  ’  ’  and  good 
family,  was  acquainted  with  physic, 
if  not  actually  a  physician,  and  dis¬ 
played  a  continuous  interest  in  mat¬ 
ters  of  the  kitchen  and  cellar. 

Josselyn ’s  Rarities ,  after  an  intro¬ 
duction,  is  divided  into  six  sections 
descriptive  of  the  “Natural,  Physi¬ 
cal  and  Chyrurgical  Rarities”: 
(1)  Birds,  (2)  Beasts,  (3)  Fishes, 
(4)  Serpents  and  Insects,  (5) 
Plants,  (6)  Stones,  Minerals,  Metals 
and  Earths.  The  section  on  plants 
and  their  culinary  and  individual 
uses  is  much  the  most  extensive  one. 
The  first  geological  observation  is 
in  the  introduction  where  Josselyn 
describes  the  aspect  of  the  country 
and  especially  of  the  White  Moun¬ 
tains  and  Mt.  Washington  (p.  3-4)  :2 

The  Country  generally  is  Rocky  and 
Mountanous,  and  extremely  overgrown 
with  wood,  yet  here  and  there  beautified 
with  large  rich  Valleys,  wherein  are 
Lakes  ten,  twenty,  yea  sixty  miles  in 
compass,  out  of  which  our  great  Rivers 
have  their  Beginnings. 

Fourscore  miles  (upon  a  direct  line) 
to  the  Northwest  of  Scarborow  [Maine] 
a  Ridge  of  Mountains  run  Northwest  and 
Northeast  an  hundred  Leagues3,  known 
by  the  name  of  the  White  Mountains , 
upon  which  lieth,  Snow  all  the  year, 
and  is  a  Land-mark  twenty  miles  off  at 
Sea.  It  is  rising  ground  from  the  Sea 
shore  to  these  Hills,  and  they  are  in¬ 
accessible  but  by  the  Gullies  which  the 
dissolved  Snow  hath  made;  in  these 
Gullies  grow  Saven  Bushes,  [dwarf 
conifers]  which  being  taken  hold  of  are 
a  good  help  to  the  climbing  Discoverer; 

2  [  References  are  to  the  1672  edition  of  the 
Rarities  and  to  the  1674  edition  of  the  Account  of 
Two  Voyages.  I  was  able  to  consult  these  editions 
in  the  Grenville  Kane  Collection  of  the  Princeton 
University  Library.  It  is  a  pleasure  to  record  the 
helpfulness  of  Miss  Julie  Hudson,  Curator  of  Rare 
Books,  and  of  Dr.  Howard  Rice,  Jr.,  Chief  of  the 
Division  of  Rare  Books  and  Manuscripts,  in  my 
studies  in  the  Princeton  Library  in  1954. 

Quotations  from  Josselyn  are  printed  with  the 
spelling  and  punctuation  of  the  original,  except  for 
the  medial  long  “s”.  An  occasional  comment  or 
explanation  within  a  quotation  is  indicated  by 
square  brackets  [  ].] 

3  [The  Grenville  Kane  copy,  now  in  the  Prince¬ 
ton  Library,  has  “Leagues”  struck  out  and  “miles” 
substituted  in  what  appears  to  be  a  seventeenth  or 
eighteenth  century  hand.] 
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upon  the  top  of  the  highest  of  these 
Mountains  is  a  large  Level  or  Plain  of 
a  (lay’s  journey  over,  whereon  nothing 
grows  but  Moss;  at  the  farther  end  of 
this  Plain  is  another  Hill  called  the 
Sugar-Loaf ,  to  outward  appearance  a 
rude  heap  of  massie  stones  piled  one 
upon  another,  and  you  may  as  you 
ascend  step  from  one  stone  to  another, 
as  if  you  were  going  up  a  pair  of  stairs, 
but  winding  still  about  the  Hill  till  you 
come  to  the  top,  which  will  require 
half  a  day’s  time,  and  yet  it  is  not 
above  a  Mile,  where  there  is  also  a 
Level  of  about  an  Acre  of  ground,  with 
a  pond  of  clear  water  in  the  midst  of 
it;  which  you  may  hear  run  down,  but 
how  it  ascends  is  a  mystery.  From  this 
rocky  Hill  you  may  see  the  whole  Coun¬ 
try  round  about;  it  is  far  above  the 
lower  Clouds,  and  from  hence  we  beheld 
a  Vapour  (like  a  great  Pillar)  drawn  up 
by  the  Sun  Beams  out  of  a  great  Lake 
or  Pond  into  the  Air,  where  it  was 
formed  into  a  Cloud.  The  Country  be- 
yound  these  Hills  Northward  is  daunt¬ 
ing  terrible,  being  full  of  rocky  Hills, 
as  thick  as  Mole-hills  in  a  Meadow,  and 
cloathed  with  infinite  thick  Woods. 

This  description,  the  earliest 
printed  of  the  White  Mountains 
reads  like  one  written  by  a  man  who 
had  climbed  Mt.  Washington;  the 
description  of  Bigelows  Lawn,  Lake 
of  the  Clouds,  and  the  “ravines” 
seem  to  be  derived  from  first-hand 
knowledge.4  The  country  northward 
from  Mt.  Washington  is  still  “full 
of  rpcky  Hills,  .  .  .  cloathed  with  in¬ 
finite  thick  wood.”  Josselyn  was 
not  the  first  to  climb  Mt.  Washing¬ 
ton,  that  was  Darby  Field  in  1642 
(Tuckerman,  1860:  35). 

The  most  important  physiogra¬ 
phic  observation  of  the  introduction 
is  that  the  “gullies”  on  Mt.  Wash¬ 
ington,  now  known  as  gulfs  or  ra¬ 
vines,  were  eroded  by  “dissolved 
[melted]  snow”.  This  appears  to  be 
the  first  recognition  in  America  of 
the  cutting  of  valleys  by  running 
water.  It  was  to  be  almost  150  years 

4  [See  Tuckerman’s  note  (1865:  36)  for  an 

analysis  of  routes  and  possibility  of  Josselyn’s 
actual  or  hearsay  information.] 


until  this  view  was  generally  ac¬ 
cepted  in  England.  Anyone  who 
has  made  his  way  up  Mt.  Washing¬ 
ton  by  way  of  Tuckerman  Ravine 
on  a  warm  late  spring  day  when  the 
water  from  the  rapidly  melting  snow 
is  running  down  the  valley  sides  will 
recognize  why  Josselyn  implies  that 
the  water  in  the  brooks  comes  from 
melting  snow  and  does  not  mention 
rainfall.  It  is  interesting  to  note 
that  the  major  valleys  on  Mt.  Wash¬ 
ington  are  in  part  due  to  glacial 
modification  of  earlier  stream  val¬ 
leys  (Goldwait,  et  al.  1951 :  12). 

The  reference  to  the  “pond  of 
clear  water”  near  the  top  of  Mt. 
Washington  is  to  the  Lake  of  the 
Clouds,  At  the  same  time  that  Jos¬ 
selyn  was  a  century  and  a  half  in 
advance  of  his  time  in  recognizing 
(at  least  in  part)  the  cutting  of  the 
valleys  by  running  water,  he  was 
much  less  advanced  in  his  thinking 
about  the  origin  of  the  water  in  the 
lake.  He  could  see  the  water  run 
down  the  mountain  from  the  lake 
but  “how  it  ascends  is  a  mystery”. 
This  is  all  the  more  remarkable  when 
in  the  very  next  passage  he  describes 
cloud  formation  visible  from  this 
spot.  His  reference  to  water  ascend¬ 
ing  is  to  the  ancient  and  medieval 
belief  in  origin  of  springs  and 
“sources”  of  streams  in  the  hills 
and  mountains  from  upward  sub¬ 
terranean  movement  of  water  from 
the  sea  into  the  mountains  where 
the  water,  desalted  in  some  unspeci¬ 
fied  way,  broke  forth  to  the  surface.5 

5  |  For  a  discussion  of  these  beliefs  see  Adams 
(1&38:  426-460)  who  reproduced  several  diagrams 
illustrating  the  principle.  Several  of  these  dia¬ 
grams  are  from  the  1678  edition  of  Kircher’s 
Mundus  Subterraneus ;  the  edition  of  1665  seems 
not  to  have  been  available  to  Adams.  Some  of  the 
diagrams  of  Ivircher  (1665)  showing  subterranean 
passages  for  upward  movement  and  storage  of  un¬ 
derground  water  are  on  pp.  71,  148,  233,  and 
234.  Kircher’s  books  were  widely  distributed  over 
Europe,  and  perhaps  Josselyn  may  have  seen  a 
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Josselyn ’s  sixth  section,  on 
‘  ‘  Stones  .  .  .  ’ ’  is  less  than  three  pages 
long  and  half  of  that  is  irrelevant. 
The  whole  section  is  reproduced 
(1672:  92-94)  : 

Of  Stones,  Minerals,  Metals  and  Earths. 

As  first,  the  Emrald  which  grows  in 
flat  Rocks,  and  is  very  good. 

Rubies,  which  here  are  very  watry. 
I  have  heard  a  story  of  an  Indian,  that 
found  a  stone,  up  in  the  Country,  by  a 
great  Pond  as  big  as  an  Egg,  that  in 
a  dark  Night  would  give  a  light  to  read 
by;  but  I  take  it  to  be  but  a  story. 

Diamond,  which  are  very  brittle,  and 
therefore  of  little  worth. 

Crystal,  called  by  our  West  Country 
Men  the  Kenning  Stone;  by  Sebegug 
Pond  is  found  in  considerable  quantity, 
not  far  from  thence  is  a  Rock  of  Crystal 
called  the  Moose  Rock,  because  in  shape 
Moose,  and 

Muscovy  Glass,  both  white  and  purple 
of  reasonable  content. 

Black  Lead. 

Bole  Armoniack. 

Red  and  Yellow  Oker. 

Terra  Sigilla. 

Vitriol. 

Antimony. 

Arsnick,  too  much. 

Lead. 

Tin. 

Tin  Glass. 

Silver. 

Iron,  in  abundance,  and  as  good  bog 
Iron  as  any  in  the  World. 

Copper.  It  is  reported  that  the  French 
have  a  Copper  Mine  at  Port  Royal,  that 
yieldeth  them  twelve  Ounces  of  pure 
Copper  out  of  a  Pound  of  Oar. 

I  shall  conclude  this  Section  with  a 
strange  Cure  effected  upon  a  Drummers 
Wife,  much  afflicted  with  a  Wolf  in  her 
Breast;  the  poor  Woman  lived  with  her 
Husband  at  a  Town  called  by  the  In¬ 
dians,  Casco,  but  by  the  English, 
Famouth;  where  for  some  time  she 
swaged  the  Pain  of  her  Sore,  by  bathing 
it  with  strong  Malt  Beer,  ....  When 
she  could  come  by  no  more  Beer,  (for 
it  was  brought  from  Boston,  along  the 
Coasts  by  Merchants,)  she  made  use  of 
Rlium,  a  strong  Water  drawn  from 
Sugar  Canes,  with  which  it  was  lull’d 
a  sleep;  at  last,  (to  be  rid  of  it  alto- 

copy.  At  any  rate,  the  concept  was  so  “classical” 
and  so  much  a  part  of  “general  knowledge”  that 
Josselyn  would  have  included  it  in  his  mental 
equipment.] 


gether)  she  put  a  quantity  of  Arsnick  to 
the  Rhum,  and  bathing  of  it  as  formerly, 
she  utterly  destroyed  it,  and  Cured  her 
self;  .  .  . 

His  “ Emrald”  is  probably  beryl, 
sometimes  found  in  schist;  his  “Ru¬ 
bies  ’  ’  garnets ;  ‘  ‘  Diamond  ’  ’  probably 
quartz ;  ‘  ‘  Muscovy  glass  ’  ’  muscovite ; 
the  purple  probably  biotite ;  and 
“Bole  armoniack”  and  “Terra  sigil¬ 
la”  varieties  of  clays.  The  “Ar¬ 
snick”  was  probably  arsenopyrite, 
which  is  not  uncommon  in  New  Eng¬ 
land.  To  this  day  arsenopyrite  in 
northern  New  England  is  sometimes 
believed  by  the  uninformed  to  carry 
important  precious  metal  values ; 
perhaps  that  is  what  Josselyn  meant 
by  “too  much”.  A  small  amount  of 
tin  has  been  found  in  New  England 
and  Josselyn ’s  informant  may  have 
seen  a  bit  of  the  ore  from  Jackson, 
New  Hampshire. 

It  is  difficult  to  explain  the  short¬ 
ness  of  this  section;  Josselyn  had 
travelled  widely  about  New  England 
and  diligently,  if  indiscriminately, 
collected  notes  on  plants  and  ani¬ 
mals.  It  is  noteworthy  that  all 
through  the  Rarities  the  author  ex¬ 
hibits  little  sense  of  location ;  indeed, 
after  the  introduction,  in  which  lo¬ 
cation  is  passably  dealt  with,  he 
rarely  mentions  any  locality.  Jos¬ 
selyn  7s  almost  disdain  of  the  value  of 
the  minerals  is  in  direct  contrast  to 
the  reports  of  earlier  travellers  who 
still  had  hope  of  finding  mineral 
treasure  and  who  describe,  often 
overly  optimistically,  every  observa¬ 
tion  or  rumor  about  minerals.  By 
Josselyn ’s  time  the  settlers  were  con¬ 
vinced  that,  aside  from  iron  ore, 
there  were  few  minerals  of  value — 
the  rubies  were  watery  and  the  dia¬ 
monds  brittle  and  “of  little  worth”. 
We  leave  to  medical  historians  the 
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evaluation  of  Josselyn’s  report  on 
the  cure  for  “wolf”  or  cancer. 

Josselyn  exhibited  a  high  regard 
for  the  Indians;  his  description  of 
their  physical  features,  while  having 
nothing  to  do  with  geological  ob¬ 
servation,  may  interest  the  reader 
(1672:  99-100)  : 

The  Men  are  somewhat  Horse  Fac’d, 
and  generally  Faucious,  i.e.  without 
Beards;  but  the  V/omen  many  of  them 
have  very  good  Features;  seldome  with¬ 
out  a  Come  to  me,  or  Cos  Amoris,  in 
their  Countenance;  all  of  them  black 
Eyed,  having  even  short  Teeth,  and 
very  white;  their  Hair  black,  thick  and 
long,  broad  Breasted;  handsome  streight 
Bodies,  and  slender,  considering  their 
constant  loose  habit:  Their  limbs  clean¬ 
ly,  straight,  and  of  a  convenient  stature, 
generally,  as  plump  as  Partridges,  and 
saving  here  and  there  one,  of  a  modest 
deportment. 

Iu  his  second  book,  An  account 
of  two  voyages  to  New-England  .  .  . 
published  in  1674,  Josselyn  repro¬ 
duced  a  large  part  of  his  diary  of 
the  voyages,  in  some  parts  without 
much  editing.  He  recorded  that  on 
his  first  voyage,  somewhere  on  the 
banks,  on  the  14th  of  June,  1638 
(1674:  9) : 

.  .  .  we  sailed  by  an  Island  of  Ice  .  .  . 
three  leagues  in  length  mountain  high, 
in  form  of  land,  with  Bayes  and  Capes 
like  high  clift  land  and  a  River  pouring 
off  it  into  the  Sea.  We  saw  likewise  two 
or  three  Foxes  or  Devils  skipping  upon 
it.  These  Islands  of  Ice  are  congealed 
in  the  North,  and  brought  down  in  the 
spring-time  with  the  Current  to  the 
banks  on  this  side  New-found-land,  and 
there  stopt,  where  they  dissolve  at  last 
to  water. 

Josselyn  knew  the  fate  of  icebergs 
even  if  he  was  ignorant  of  their 
origin.  Even  men  who  had  been  in 
higher  latitudes  at  first  failed  to  rec¬ 
ognize  the  origin  of  icebergs  from 
glaciers,  as  may  be  seen  in  the  early 
reports  of  the  Frobisher  voyages. 


A  day  or  two  before  entering  Bos¬ 
ton  Harbor,  on  June  29th,  Josselyn’s 
ship  had  some  difficulty,  possibly  at 
the  Isles  of  Shoals,  but  the  delay 
enabled  them  to  hear  news,  partly 
geological,  from  Boston  (1674:  11)  : 

The  Nine  and  twentieth  day,  sounded 
at  night,  and  found  120  fathome  water, 
the  head  of  the  Ship  struck  against  a 
rock;  At  4  of  the  clock  we  descryed  two 
sail  bound  for  New-found-land,  and  so 
for  the  S  freights,  they  told  us  of  a  gen¬ 
eral  Earth-quake  in  New-England,  of  the 
Birth  of  a  Monster  at  Boston,  in  the 
Massachuscts-Bay  a  mortality,  and  now 
we  are  two  leagues  off  Cap  Aun. 

The  report  of  the  earthquake  is 
of  that  of  June  1,  1638,  the  earliest 
recorded  in  the  list  of  earthquakes 
in  the  United  States  (Heck,  1938: 
11).  Brigham  (1871:  2)  quoted  sev¬ 
eral  more  extensive  contemporary 
reports  of  this  apparently  wide¬ 
spread  and  at  least  moderately  vio¬ 
lent  shock.  New  Englanders  were 
always  impressed  by  the  score  or 
more  of  earthquakes  in  the  colonial 
period ;  they  provided  the  occasion 
for  many  stirring  sermons  (Leet, 
1948:  21-23). 

Josselyn  went  on  to  describe  the 
location  of  New  England  and  its 
boundaries.  Here  he  discussed  the 
sea  which  forms  part  of  the  boun¬ 
dary  and  passed  on  to  a  description 
of  the  tides.  His  statements  about 
depths  of  the  sea  are  very  early  ones, 
perhaps  the  first  which  referred  to 
the  region  off  the  American  coast 
(1674:  42-43)  : 

.  .  .  the  Sea  lyes  East  and  South  from 
the  land,  and  is  very  deep,  some  say 
that  the  depth  of  the  Sea  being  measured 
with  line  and  plummet,  seldom  exceeds 
two  or  three  miles,  except  in  some  places 
near  the  Swevia?i-shores,  and  about 
Pontus,  observed  by  Pliny.  Sir  Francis 
Drake  threw  out  7  Hogsheads  of  line 
near  Porto-hello  and  found  no  bottom, 
but  whether  this  be  true  or  no,  or  that 
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they  were  deceived  by  the  Currants  car¬ 
rying  away  their  lead  and  line,  this 
is  certainly  true,  that  there  is  more  Sea 
in  the  Western  than  the  Eastern  Hemi¬ 
sphere,  on  the  shore  in  more  places  than 
one  at  spring-tides,  that  is  at  the  full 
or  new  of  the  moon,  the  Sea  riseth  18 
foot  perpendicular,  the  reason  of  this 
great  flow  of  waters  I  refer  to  the 
learned,  onely  by  the  way  I  shall  ac¬ 
quaint  you  with  two  reasons  for  the 
ebbing  and  flowing  of  the  Sea;  the  one 
delivered  in  Common  conference,  the 
other  in  a  Sermon  at  Boston  in  the 
Massachusets-Bay  by  an  eminent  man; 
The  first  was,  that  God  and  his  spirit 
moving  upon  the  waters  caused  the  mo¬ 
tion ;  the  other,  that  the  spirit  of  the 
waters  gathered  the  ivaters  together; 
as  the  spirit  of  Christ  gathered  Souls. 

The  spirit  of  the  time  is  well  illus¬ 
trated  in  this  passage  in  which  in 
one  sentence  the  author  refers  to 
Pliny,  the  classical  authority,  and 
in  the  next  to  Drake,  the  man  who 
had  actually  attempted  to  measure 
depth  by  a  sounding  line.  The  in¬ 
ductive  attitude,  very  often  lost 
sight  of  by  Josselyn,  is  exhibited 
here  in  the  shrewdly  expressed  pos¬ 
sibility  of  erroneous  record  of  sound¬ 
ing  because  of  currents  acting  on  the 
lead  and  line. 

Josselyn  would  have  seen  tides  at 
least  18  feet  high  in  Maine  and  heard 
of  those  much  higher  in  the  Bay  of 
Fundy.  The  explanation  of  tides 
in  a  sermon  in  Boston  “by  an  emi¬ 
nent  man”  would  have  been  taken 
at  face  value  by  most  of  his  readers, 
but  it  seems  to  me  that  Josselyn 
actually  wrote  this  with  tongue  in 
cheek. 

Josselyn  described  the  New  Eng¬ 
land  shore  and  the  territory  back 
from  it ;  the  prominent  mountain 
mentioned  in  the  following  passage 
is  of  course  Mt.  Washington  (1674: 
43-44)  : 

The  shore  is  Rockie,  with  high  cliffs, 
having  a  multitude  of  considerable  Har¬ 


bours;  many  of  which  are  capacious 
enough  for  a  Navy  of  500  sail,  one  of 
a  thousand,  the  Countrie  within  Rockie 
and  mountanious,  full  of  tall  wood,  one 
stately  mountain  there  is  surmounting 
the  rest,  about  four  score  mile  from  the 
Sea:  The  description  of  it  you  have  in 
my  rarities  of  New-England,  between 
the  mountains  are  many  ample  rich  and 
pregnant  valleys  as  ever  eye  beheld, 
beset  on  each  side  with  variety  of  goodly 
Trees,  the  grass  man-high  unmowed, 
uneaten  and  uselesly  withering;  within 
these  valleys  are  spacious  lakes  or  ponds 
well  stored  with  Fish  and  Beavers;  the 
original  of  all  the  great  Rivers  in  the 
Countrie,  of  which  there  are  many  with 
lesser  streams  (wherein  are  an  infinite 
of  fish)  manifesting  the  goodness  of  the 
soil  which  is  black,  red-clay,  gravel, 
sand,  loom,  and  very  deep  in  some 
places,  as  in  the  valleys  and  swamps, 
which  are  low  grounds  and  bottoms  in¬ 
finitely  thick  set  with  Trees  and  Bushes 
of  all  sorts  for  the  most  part,  others 
having  no  other  shrub  or  Tree  growing, 
but  spruce,  under  the  shades  whereof 
you  may  freely  walk  two  or  three  mile 
together;  being  goodly  large  Trees,  and 
convenient  for  masts  and  sail-yards. 

Josselyn ’s  remarks  on  the  inter¬ 
vales  of  northern  New  England  and 
on  the  soils  in  them  are  early  com¬ 
ments  on  pedology,  but  not  the 
earliest  in  America  ;  John  Smith  in 
1612  mentioned  the  soils  in  Virginia 
(Smith,  1612:  3  ;  White,  1953a :  136  ; 
1953b:  125)  and  William  Wood  had 
a  short  chapter  in  New  Englands 
Prospect  of  1634  on  “Soyle” 
(White,  1953a:  137).  Like  Smith, 
Josselyn  realized  the  relation  of 
plants  to  soil  types  and  thus  early 
were  ecological  observations  made  in 
America.  Only  a  few  years  later  in 
1705  Robert  Beverley  in  History  and 
Present  State  of  Virginia  was  to 
write  in  great  detail  and  extent 
about  Virginia  soils  and  the  relation 
of  soils  to  vegetation. 

In  a  time  when  the  settlers  were 
at  first  dependent  on  springs  and 
streams  for  water  supply  and  later 
on  shallow  wells,  it  is  natural  that 
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considerable  attention  would  be  paid 
to  these  springs  and  to  the  quality 
of  their  water.  Josselyn  left  no 
doubt  about  abundance  and  quality 
of  water  from  springs,  calling  on 
the  aid  of  poetry  to  reinforce  his 
enthusiasm  (1674:  44): 

The  whole  Countrie  produceth  springs 
in  abundance  replenished  with  excellent 
wateis,  having  all  the  properties 
ascribed  to  the  best  in  the  world. 

Swift  is't  in  pace,  light  poiz'd,  to 
look  in  clear, 

And  quick  in  boiling  (which  esteemed 
ivere) 

Such  qualities,  as  rightly  understood 

Withouten  these  no  water  could  he 
good. 

One  Spring  there  is,  at  Black-point 
in  the  Province  of  Main,  coming  out  of 
muddy-clay  that  ivill  colour  a  spade,  as 
if  hatcht  with  silver,  it  is  purgative  and 
cures  scabs  and  Itch.  &c. 

The  spring  at  Black-point  was 
probably  of  sulfur  water,  which 
would  have  the  effects  that  Josselyn 
ascribed  to  it.  The  curative  proper¬ 
ties  of  various  mineral  waters  were 
usually  described  in  writings  of  the 
time  on  natural  resources  in  America 
as  well  as  in  England.  An  English 
example  is  the  long  chapter  on  the 
water  of  Oxfordshire  by  Robert  Plot 
(1677:  18-50). 

Josselyn  is  at  his  poorest  in  the 
remarks  on  metal  deposits  and  on 
minerals  and  rocks  in  general.  His 
credulity  shows  up  in  his  reports  of 
precious  metal  resources.  In  the 
Rarities  he  had  said  little  about 
these,  but  allowed  himself  to  specu¬ 
late  at  greater  length  two  years  later 
in  the  Two  Voyages  (1674:  44-47)  : 

The  Mountains  and  Rocky  Hills  are 
richly  furnished  with  mines  of  Lead 
Silver,  Copper,  Tin,  and  divers  sorts  of 
minerals,  branching  out  even  to  their 
summits,  where  in  small  Crannies  you 
may  meet  with  shreds  of  perfect  silver; 
yet  have  the  English  no  maw  to  open 
any  of  them,  whether  out  of  ignorance 


or  fear  of  bringing  a  forraign  Enemy 
upon  them,  or  (like  the  dog  in  the 
manger)  to  keep  their  Soveraign  from 
partaking  of  the  benefits,  who  certainly 
may  claim  an  interest  in  them  as  his 
due,  .  .  . 

The  stones  in  the  Countrey  are  for 
the  most  mettle-stone,  freestone,  pebble, 
slate,  none  that  will  run  to  lime,  of 
which  they  have  great  want,  of  the  slate 
you  may  make  Tables  easie  to  be  split 
to  the  thickness  of  an  inch,  or  thicker 
if  you  please,  and  long  enough  for  a 
dozen  men  to  sit  at.  Pretious  stones 
there  are  too,  but  if  you  desire  to  know 
further  of  them,  see  the  Rarities  of 
New-England:  onely  let  me  add  this  ob¬ 
servation  by  the  way,  that  Crystal  set  in 
the  Sun  taketh  fire,  and  setteth  dry  Tow 
or  brown  Paper  on  fire  held  to  it.  Theie 
is  likewise  a  sort  of  glittering  sand, 
which  is  altogether  as  good  as  the 
glassie  powder  brought  from  the  Indies 
to  dry  up  ink  on  paper  newly  written. 

The  reference  to  mineral  deposits 
branching  out  even  to  the  summits 
of  the  mountains  is  a  survival  of  the 
medieval  idea  of  the  tree  of  ores 
growing  in  the  earth  (Adams,  1938: 
286).  Perhaps  it  is  a  conscious  or 
unconscious  remembrance  of  the  ex¬ 
tensively  developed  exposition  of 
Peter  Martyr  of  Angleria  translated 
into  English  by  Eden  in  1555,  and 
reappearing  in  later  editions. 

The  continued  mixture  of  fanciful 
foolishness  and  accurate  observation 
is  illustrated  by  the  jumble  of  lore 
about  crystal  and  the  accurate  re¬ 
port  on  cleavable  slate  and  on  the 
lack  of  stone  “that  will  run  to  lime”, 
still  a  serious  lack  in  New  England ’s 
natural  resources. 

Josselyn  discussed  weather  and 
climate  at  some  length  and  concluded 
with  a  page  on  earthquakes  in  which 
his  reference  to  the  raising  of  the 
White  Mountains  by  that  agency  is 
of  interest.  His  proof  for  the  hollow¬ 
ness  of  these  mountains  is  startling, 
but  of  course  they  had  to  be  hollow 
so  the  subterranean  water  could 
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ascend  and  so  the  “tree  of  metals” 
could  grow  (3674:  58)  :G 

In  Anno  Dom.  1667.  March,  appeared 
a  sign  in  the  Heavens  in  the  form  of 
a  Sphear,  pointing  directly  to  the  West: 
and  in  the  year  following  on  the  third 
day  of  April  being  Friday ,  there  was  a 
terrible  Earthquake,  before  that  a  very 
great  one  in  1638,  and  another  in  58  and 
in  1662/3.  January  26,  27,  &  28.  (which 
was  the  year  before  I  came  thither) 
there  were  Earthquakes  6  or  7  times 
in  the  space  of  three  dayes.  Earth¬ 
quakes  are  frequent  in  the  Countrie; 
some  suppose  that  the  white  mountains 
were  first  raised  by  Earthquakes,  they 
are  hollow  as  may  be  guessed  by  the 
resounding  of  the  rain  upon  the  level 
on  the  top.  The  Indians  told  us  of  a 
River  whose  course  was  not  only  stopt 
by  an  Earthquake  in  1668.  (as  near  as 
I  can  remember)  but  the  whole  River 
swallowed  up.  And  I  have  heard  it 
reported  from  credible  persons,  that 
(whilst  I  was  there  in  the  Countiie) 
there  happened  a  terrible  Earthquake 
amongst  the  French,  rending  a  huge 
Rock  asunder  even  to  the  center,  where¬ 
in  was  a  vast  hollow  of  an  immeasurable 
depth,  out  of  which  came  many  infernal 
Spirits. 

Josselyn  next  went  on  to  extensive 
lists  and  description  of  trees  and 
other  plants  (1674:  59-122;  the  fa¬ 
mous  panegyric  on  tobacco  is  on 
p.  76)  ;  to  mammals,  including  the 
egg-laying  porcupine,  birds,  fish, 
mollusks,  snakes,  and  insects  (includ¬ 
ing  the  amusing  tale  of  the  farmer 
and  the  bumble  bee).  Much  of  the 
description  is  from  rumor  and  hear¬ 
say  and  some  of  it  worth  just  about 
as  much  as  the  reward  Josselyn  be¬ 
lieved  would  be  his  in  the  ribald  quo¬ 
tation  from  Ben  Jonson  (1674:  123). 

After  a  long  description  of  towns 
and  rivers  Josselyn  presented  the 

G  [The  listing’  of  earthquakes  corresponds  fairly 
well  with  the  listing  of  Brigham  (1871:  2-4).  If 
we  read  “1663”  for  “1668”  for  the  Indians’  story, 
it  then  also  refers  to  the  great  1663  St.  Lawrence 
valley  earthquake  “amongst  the  French”,  which 
is  known  from  several  sources  to  have  been  violent 
even  in  New  England  (Brigham,  1871 :  3,  4)  and 
was  the  most  famous  earthquake  of  the  colonial 
period  (Heck,  1936:  135).] 


final  observation  of  geological  inter¬ 
est  on  the  “clay  bullets  cast  up  by 
a  mineral  vapor”  near  the  “Keni- 
bunck  River”  which  “  is  by  the 
Town  of  Wells”  (1674:  204).  This 
is  no  doubt  in  reference  to  the  con¬ 
cretions  in  the  late  Pleistocene  ma¬ 
rine  clay. 

Josselyn  was  like  many  other 
writers  of  the  time  who  touched  on 
scientific  subjects  and  even  like  some 
who  devoted  most  of  their  time  to 
scientific  activities — he  could  write 
accurate  description  and  could  also 
report  outrageous  rumor  as  probable 
fact.  He  had  some  classical  knowl¬ 
edge  and  liked  to  exhibit  it.  John 
Lederer  (1672),  the  German  physi¬ 
cian,  who  at  almost  the  same  time  re¬ 
ported  on  a  part  of  the  colonies  much 
farther  south,  was  far  less  chatty  and 
perhaps  less  credulous  than  Josselyn, 
but  Lederer ’s  report  tells  us  much 
less  of  what  Avas  being  seen,  con¬ 
jectured,  and  written  about  at  the 
time. 

The  writer  on  geological  subjects 
in  England  at  about  the  same  time 
who  invites  comparison  with  Jos¬ 
selyn  is  Robert  Plot,  whose  Natural 
History  of  Oxfordshire  appeared  in 
1677.  Dr.  Plot  was  Professor  of 
Chemistry,  first  Keeper  of  the  Ash- 
molean  Museum  at  Oxford,  and  sec¬ 
retary  of  the  Royal  Society.  His 
book  on  Oxfordshire  Avas  much  long¬ 
er  than  both  little  books  of  Jos¬ 
selyn  ’s  which  deal  only  incidentally 
with  natural  historv.  HoAve\rer,  it 
should  be  noted  that  the  Oxford  pro¬ 
fessor  was  not  sure  that  streams  Avere 
supported  by  rainfall,  gives  no  in¬ 
dication  of  any  thought  of  valley 
cutting  by  streams,  and,  although  he 
publishes  many  excellent  plates  of 
fossils,  cannot  bring  himself  to  be 
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sure  they  are  actual  remains  of  real 
organisms.  Plot  wrote  more  volumi¬ 
nously,  observed  more  acutely,  re¬ 
peated  wondrous  tales,  and  quoted 
more  classical  references,  but  con¬ 
sidering  his  position  and  advantages 
lie  was  not  nearly  as  much  better 
than  Josselyn  as  he  should  have  been 
in  development  of  explanations  and 
exhibition  of  the  inductive  method. 

Josselyn  should  not  be  criticized 
for  credulity  and  inaccuracy  —  he 
was  quite  abreast  of  his  time.  Al¬ 
though  his  books  were  general  re¬ 
ports  on  New  England  and  not  pri¬ 
marily  on  natural  history,  they  stand 
up  surprisingly  well  when  compared 
with  the  productions  of  the  profes¬ 
sionals  in  England  at  about  the  same 
time — those  of  Plot,  Ray,  or  Lhuyd, 
for  example.  Furthermore,  it  is 
probable  that  some  of  Josselyn’s  in¬ 
formation  is  from  his  1638  notes  of 
a  third  of  a  century  earlier. 

In  summary,  Josselyn’s  major 
contributions  were  on : 

1.  The  sea  off  New  England,  and  its 


depth,  determined  by  actual 
measurements. 

2.  Tides  and  their  (probably  in¬ 
correct)  causes. 

3.  Icebergs,  accurate  as  to  their 
fate,  but  inaccurate  as  to  their 
origin. 

4.  Mt.  Washington,  its  topography 
and  its  valleys,  believed  to  have 
been  cut,  at  least  in  part,  by  run¬ 
ning  water ;  and  on  the  lake  near 
the  summit  with  unknown  origin 
of  its  “ascending  water”. 

5.  Mineral  resources,  but  in  a  dis¬ 
appointingly  brief  and  partly  in¬ 
accurate  way,  except  for  iron 
ore,  building  stone,  and  clay. 

6.  Earthquakes  and  their  possible 
cause  of  mountain  building,  as 
well  as  in  producing  “hollow¬ 
ness”  of  the  mountains. 

7.  The  quality  and  character  of 
groundwater. 

Because  of  his  worthwhile  obser¬ 
vations,  especially  on  topography, 

John  Josselyn  deserves  a  place  in 

the  history  of  geology  in  America. 
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The  objective  of  this  report  is  to 
show  how  new  ideas  culminating 
from  years  of  “theoretical”  explora¬ 
tion  in  the  field  of  genetics  can  bene¬ 
fit  present  day  agriculture.  The  sci¬ 
ence  of  genetics  has  taught  us  that 
genes  have  been  mutating,  segregat¬ 
ing,  and  re-arranging  themselves  in¬ 
dependently  since  evolutionary  time 
began.  Genes  have  been  primarily 
responsible  for  the  evolution  of  plant 
and  animal  life  to  the  present  level. 

Careful  research  by  geneticists, 
during  the  last  50  years,  has  shown 
how  the  “power  of  a  gene”  can, 
first  of  all,  be  understood,  and  sec¬ 
ondly,  be  harnessed  to  do  important 
work  in  agriculture. 

Four  general  fields  of  research  in 
genetics  appear  to  offer  definite 
promise  in  the  improvement  of  our 
economic  crops. 

I.  Artificially  Induced 
Mutations 

The  possibility  of  increasing  the 
spontaneous  mutation  rates  of  genes 
has  occupied  the  attention  of  plant 
breeders  since  the  turn  of  the  cen¬ 
tury.  Some  research  in  the  1920 ’s 
used  X-rays  in  an  attempt  to  induce 
gene  changes  artificially.  But  it  was 
not  until  1927  that  H.  J.  Muller, 
working  with  the  fruit  fly,  Droso¬ 


phila  melanogaster,  showed  clearly 
how  the  natural  mutation  rate  could 
be  increased  by  applying  radiant 
energ}^  in  the  form  of  X-rays.  He 
predicted  that  the  availability  of 
artificially  induced,  mutant  races 
would  offer  tremendous  possibilities 
for  the  plant  and  animal  breeder. 

In  1928,  Stadler  working  inde¬ 
pendently  with  barley,  Hordeum 
vulgar e  L.,  confirmed  the  fact  that 
mutation  rates  could  be  altered  in 
plants  as  well  as  in  animals. 

Since  the  1920 ’s,  a  great  deal  of 
the  radiation  work  for  the  improve¬ 
ment  of  plants  has  been  conducted 
by  plant  breeders  in  Sweden,  name¬ 
ly,  Nilsson-Ehle,  Gustafsson,  and 
MacKey.  Their  work  has  recently 
been  reviewed  by  Gustafsson  (1951). 
The  Swedish  workers  isolated  several 

mutations  of  barley  which  were  char- 

*/ 

acterized  by  very  dense  heads  and 
stiff  straws.  These  so-named  “erec- 
toides”  mutants  outyielded  the  orig¬ 
inal  Golden  variety  by  1.3%  in  tests 
conducted  over  a  10-year  period. 
From  an  agronomic  point  of  view, 
the  significant  contribution  made  by 
radiation  of  barley  was  the  addition 
of  a  stiff er  stalk,  which  would  tend 
to  prevent  lodging  and  subsequently 
bolster  yields. 

In  this  country,  Gregory  (1954) 
screened  975,000  progenies  of  X- 
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radiated  peanuts,  Arachis  Jnypogea 
L.,  var.  Virginia  bunch.  He  found 
several  mutant  strains  which  were 
higher  in  yield  and  had  better  re¬ 
sistance  to  the  common  leaf  spot 
disease,  Cercospora  arachidicola. 

K.  J.  Frey  (1954),  at  Iowa  State, 
has  been  successful  in  X-raying  seeds 
of  oats,  Avena  sativa  L.  Some  of 
the  mutant  oats  were  shorter  and 
had  stiffer  straws  than  the  Huron 
variety.  Four  others  “headed”  a 
week  earlier,  a  few  showed  resist¬ 
ance  to  races  7  and  8  of  oat  stem 
rust,  P uccinia  graminis  avenae 
Erikss.  and  E.  Henn.  Some  of  the 
mutant  oat  strains  yielded  60  bushels 
per  acre  with  a  test-weight  as  high 
as  31  pounds  per  bushel.  The  stand¬ 
ard  check  variety,  Huron,  in  this 
same  test  yielded  30  bushels  per  acre 
with  a  test-weight  of  21  pounds  per 
bushel. 

Konzak  (1954)  working  with  Mo¬ 
hawk  oats,  variety  C 14327,  reported 
that  in  1953  he  isolated  73  mutant 
plants  which  showed  resistance  to 
oat  stem  rust  7a,  following  an  arti¬ 
ficial  inoculation  of  the  pathogen. 
Seed  from  which  these  progenies 
grew  had  been  previously  placed  in 
the  thermal  column  of  the  nuclear 
reactor  at  the  Brookhaven  National 
Laboratory.  Mutations  were  induced 
by  the  ionizing  effect  of  thermal  neu¬ 
trons  on  seeds  exposed  4  and  8  hours 
to  a  flux  of  approximately  4.6  x  10s 
thermal  neutrons  /cm.2/sec.  The  re¬ 
sistance  to  stem  rust  which  was  ob¬ 
tained  appears  to  be  controlled  by 
a  single  dominant  gene. 

Another  interesting  project  at 
Brookhaven  has  been  the  construc¬ 
tion  of  a  continuous  gamma  radia¬ 
tion  field.  A  central  source  of  radio¬ 
active  cobalt  60,  which  can  be 
lowered  underground  when  not  in 


use,  irradiated  plants  grown  in  cir¬ 
cular  rows  around  the  source  of  the 
gamma-rays.  Singleton  (1955) 
learned  that  best  results  were  ob¬ 
tained  by  bringing  the  plants  into 
the  field  for  short  periods  of  time, 
and  then  removing  them  to  a  “port¬ 
able”,  non-radiated  field.  In  one  ex¬ 
periment,  corn  plants  were  brought 
in  for  one  day  and  placed  on  the 
6-meter  circle  where  they  were  ex¬ 
posed  to  1,300  roentgens.  A  much 
higher  rate  of  endosperm  mutations 
was  obtained  than  with  lower  doses 
per  day  under  chronic  radiation. 
Singleton  and  his  co-workers  also 
found  that  the  optimum  time  for 
irradiating  corn  plants  was  in  a  peri¬ 
od  after  meiosis  and  just  prior  to 
the  shedding  of  pollen. 

Three  examples  of  ionizing  muta¬ 
genic  agents  have  been  described: 
X-rays,  thermal  neutrons,  and  gam¬ 
ma  rays.  The  nature  of  changes 
induced  are  about  the  same  for  all 
three.  Many  of  the  mutations  are 
recessive,  and  are  for  the  most  part 
deleterious.  Some  sources  of  radia¬ 
tion  may  induce  more  changes  per 
unit  of  energy  than  others.  Calde¬ 
cott  et  al.  (1954)  has  found  that 
Himalaya  barley  seeds  were  much 
more  uniformly  affected  by  thermal 
neutrons  than  by  X-radiation.  The 
highest  mutation  frequency  obtained 
with  thermal  neutrons,  without  caus¬ 
ing  a  high  degree  of  sterility,  was 
two  times  that  obtained  with  20,000 
roentgens.  It  is  the  ionization  effect 
of  X-rays,  gamma  rays,  and  thermal 
neutrons  which  tends  to  break  com¬ 
plex  chromosome  molecules.  As  a 
result,  parts  of  chromosomes  are 
broken  off  or  translocated.  Because 
of  this,  some  gene  loci  are  deleted 
or  altered,  so  that  different  genetic 
expressions  result. 
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Stakman  (1954)  pointed  out  that 
probably  one  of  the  best  services 
radiation  could  render  would  be  to 
break  chromosome  linkages  between 
beneficial  and  deleterious  genes.  He 
cited  the  situation  in  Triticum  where 
a  variety,  recently  produced  in  Mexi¬ 
co,  is  highly  rust  resistant.  However, 
the  section  of  the  stem  just  below 
the  terminal  inflorescence  is  very 
weak  and  limber.  The  ‘‘limber  neck” 
gene  or  genes  are  linked  with  the 
genes  for  rust  resistance  and  will 
complicate  breeding  in  wheat  until 
this  linkage  can  be  broken. 

Mutation  rates  can  also  be  in¬ 
creased  by  the  application  of  ultra¬ 
violet  rays,  mustard  gas,  manganous 
chloride,  and  internal  trace  elements 
such  as  C14  and  P32.  In  addition 
to  these  agents,  there  are  genic  and 
extragenic  units,  which  exert  a  spe¬ 
cific  type  of  control  on  the  action 
of  the  gene  with  which  they  become 
associated.  These  units  are  capable 
of  transposition  from  one  location 
in  the  chromosome  to  another.  One 
example  of  this,  is  the  dissociation- 
activator  system  (Ds-Ac)  of  Mc- 
Clintock  (1953).  Ds  is  responsible 
for  the  modification  of  genic  expres¬ 
sion.  The  Ac  component  determines 
when  changes  by  the  Ds  will  occur. 
Other  systems  inducing  mutations 
by  genes  and  chromosome  systems 
are  being  discovered ;  in  time  these 
may  provide  the  plant  breeder  with 
new  material  for  improved  breeding 
stock. 

II.  Polyploidy  in  Plants 

A  useful  phenomenon  which  oc¬ 
curs  in  plants  is  the  multiplication 
of  the  basic  chromosome  number 
from  a  2 n  or  normal  diploid  condi¬ 
tion  to  a  4,  5,  6,  or  8 n,  etc.  polyploid 


condition.  In  general,  polyploids 
are  characterized  by  an  increase  in 
height  of  plant,  in  thicker  stems, 
broader  leaves,  larger  fruiting 
bodies,  larger  stomata,  and  larger 
pollen  grains.  There  are  exceptions, 
however,  and  many  polyploids  will 
be  found  whose  parts  are  reduced  in 
size. 

1.  Autopolyploids  are  formed  by 
an  increase  in  the  basic  number  of 
chromosomes  of  a  single  species. 
This  can  occur  in  nature  or  can  be 
induced  artificially  by  an  agent 
such  as  the  plant  alkaloid  colchicine. 
Muntzing  (1951)  reported  that 
tetraploid  varieties  of  red  clover, 
Trifolium  pratense  L.,  are  commer¬ 
cially  available  in  Europe.  In  yield 
tests  conducted  at  various  locations 
in  Sweden  these  autotetraploid  clo¬ 
vers  out-yielded  the  normal  diploids 
11  out  of  15  times.  In  performance 
trials  on  winter  rye,  Secale  cereale 
L.,  Muntzing  found  that  autopoly¬ 
ploids  out-yielded  normal  diploid 
rye  by  55%.  Furthermore,  the  flour 
from  tetraploid  rye  had  better  bak¬ 
ing*  qualities.  Autodiploidy  has 
proven  most  successful  in  plants  in 
which  seed  yield  is  not  an  important 
factor,  because  plants  with  this  type 
of  polyploidy  are  often  semi-sterile. 
Where  root,  leaf,  flower,  and  fruit 
size,  as  well  as  vitamin  content,  are 
important,  autopolyploidy  has  dis¬ 
tinct  advantages. 

One  interesting  application  of  au¬ 
topolyploidy  is  in  the  development 
by  Japanese  breeders  of  a  triploid, 
seedless  watermelon.  First  a  normal 
diploid  melon,  Citrullus  vulgaris 
Schrad.,  is  doubled  to  the  tetraploid 
form.  The  tetraploids  are  then 
crossed  with  diploids.  The  result¬ 
ing  triploid  plants  will  be  sterile 
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and  seedless.  Consequently,  fertile 
diploid  plants  must  be  in  the  same 
field  to  provide  normal  pollen  for 
stimulation  of  ovule  development. 

2.  The  second  type  of  polyploidy 
is  called  allopolyploidy  or  amphidi- 
ploicly.  These  forms  are  often  the 
result  of  interspecific  crosses.  The 
two  chromosome  sets  are  doubled  ar¬ 
tificially  to  produce  a  new  fertile 
variety.  Allopolyploidy  has  occurred 
in  nature  during  the  course  of  evolu¬ 
tion  in  some  of  our  economic  plants 
such  as  upland  cotton,  Gossypium 
hirsutum  L.  and  wheat,  Triticum 
vulgar e  Vill.  One  useful  applica¬ 
tion  of  amphidiploidy  is  in  the  im¬ 
provement  of  existing  species  of  cot¬ 
ton.  This  was  recognized  by  Beasley 
(1942)  who  crossed  Arizona  wild 
cotton,  Gossypium  thurberi  Tod., 
with  Asiatic  wild  cotton,  G.  arbore- 
um  L.  He  then  doubled,  with  col¬ 
chicine,  the  (n  =  13)  x  (n  =  13) 
cross  to  obtain  a  fertile  amphidi- 
ploid  (2 n  =  52)  cotton.  The  amphi- 
diploid  cotton  could  then  be  crossed 
readily  with  American  upland  cot¬ 
ton  (2 n  =  52).  This  technique  en¬ 
abled  cotton  breeders  to  introduce 
genes  for  such  things  as  disease  re¬ 
sistance  and  good  fiber  qualities  into 
existing  commercially  important  spe¬ 
cies. 

A  similar  technique  is  used  in  the 
improvement  of  wheat  (Sears,  1947 
and  1948).  By  crossing  a  related  di¬ 
ploid,  Aegilops  speltoicles  Tausch, 
with  tetraploid  wheat,  Triticum  di- 
coccoicles  Korn,  a  triploid  results 
and  is  sterile.  However,  by  doubling 
the  chromosome  complement,  it  be¬ 
comes  fertile  and  will  cross  readily 
with  the  common  hexaploid  wheats. 
Thus,  valuable  rust  resistance  fac¬ 
tors  found  in  Aegilops  spp.  can  be 


introduced  in  the  common  variety 
of  wheat. 

III.  Selective  Breeding 

Plant  breeders  have  in  recent 
years  attempted  to  improve  old, 
mass  selection  techniques  by  devel¬ 
oping  systems  for  concentrating 
more  favorable  genotypes  within  a 
given  population.  These  up-graded 
populations  would  then  provide  a 
source  for  elite  inbred  lines  which 
upon  subsequent  re-combination  ex¬ 
press  heterosis  in  a  much  higher  de¬ 
gree. 

1.  Stadler,  in  1944,  proposed 
gamete  selection.  His  technique  with 
maize,  Zea  mays  L.,  involves  a  maxi¬ 
mum  selection  of  superior  gametes 
by  crossing  uniform  inbred  lines 
with  open-pollinated  varieties.  The 
hybrids  are  then  self-pollinated  and 
at  the  same  time  out-crossed  to  a 
uniform  tester  strain  whose  genetic 
make-up  will  not  mask  the  heredi¬ 
tary  differences  of  the  strains  being 
tested.  The  inbred  line  is  also  out- 
crossed  to  this  same  -tester.  Both 
types  of  tester  crosses  are  then  com¬ 
pared  for  yielding  ability.  If  certain 
variety  x  tester  combinations  signifi¬ 
cantly  outyield  the  inbred  x  tester 
cross,  those  gametes  are  considered 
superior  to  the  inbred  line,  and  war¬ 
rant  further  inbreeding  (Brown, 
1953). 

2.  Hull  (1945)  developed  a 
system  of  recurrent  selection  for 
specific  combining  ability  based 
on  the  theory  that  over-dominance 
(AA<Aa>aa)  is  largely  responsi¬ 
ble  for  heterosis.  One  or  two  three- 
generation  cycling  periods  are  re¬ 
quired  for  building  up  a  favorable 
gene  population  which  has  been  re¬ 
currently  selected  against  a  tester 
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inbred  line  or  single  cross.  Inbreds 
developed  from  this  synthetic  popu¬ 
lation  of  favorable  genes  should  com¬ 
bine  well  with  the  tester  lines  or 
single  cross.  Sprague  and  Brimhall 
(1950)  have  found  recurrent  selec¬ 
tion  effective  in  selection  for  high 
oil  content  in  corn  kernels.  Jenkins 
et  al.  (1954)  successfully  isolated 
lines  resistant  to  Helminthosporium 
turcicum  leaf  blight.  Johnson  (1952) 
has  been  able  to  improve  sweet  clo¬ 
ver,  Melilotus  alba  Desr.,  by  one 
cycling  period  of  recurrent  selec¬ 
tion. 

3.  An  additional  refinement  of 
the  technique  of  mass  selection  has 
been  termed  reciprocal  recurrent  se¬ 
lection  Comstock  et  al.  (1949).  Two 
sources  of  genetically  diverse  ma¬ 
terial  are  used  for  selection — open- 
pollinated  A  and  synthetic  B,  for 
example.  Recurrent  selections  from 
A  will  be  test-crossed  with  B  as  a 
tester,  and  those  of  B  crossed  with 
A  as  a  tester.  In  this  way  favorable 
genes  from  both  composite  sources, 
A  and  B,  will  be  accumulated,  and 
lines  derived  from  them  should  re¬ 
combine  with  maximum  vigor. 

4.  A  new  method  of  selection  is 
tire  isolation  of  superior  gametes 
through  the  monoploid  method  of 
producing  homozygous  diploid  lines. 
Chase  (1949,  1953)  successfully  de¬ 
veloped  new  inbred  lines  of  corn  by 
this  system ;  they  perform  as  well  as 
or  better  than  lines  developed  by 
the  conventional  method  of  inbreed¬ 
ing.  One  advantage  of  this  system 
of  selection  is  that  it  enables  one 
to  screen  a  large  mass  of  material 
for  elite  genotypes.  Once  superior 
gametes  are  recognized  by  an  ade¬ 
quate  testing  procedure,  they  can 
then  be  utilized  immediately  in  re¬ 


combination  with  other  homozygous 
diploid  lines  or  conventional  inbreds. 

IV.  Cytoplasmic  Male  Sterility 

Control  of  normal  pollen  produc¬ 
tion  by  the  cytoplasm  was  first  ob¬ 
served  in  maize  by  Rhoades  (1933). 
Factors  producing  this  type  of  ste¬ 
rility  are  transmitted  independently 
from  one  generation  to  the  next 
through  the  cytoplasm  of  the  female 
egg  cell.  Whether  or  not  the  cyto¬ 
plasmic  factors  for  sterility  will 
manifest  complete  control  over  pol¬ 
len  production  is  dependent  on  the 
nuclear  genes.  The  first  commercial 
application  of  cytoplasmic  pollen 
sterility  was  made  in  hybrid  produc¬ 
tion  of  the  onion,  Allium  cepa  L., 
H.  A.  Jones  et  al.  (1937,  1947).  To¬ 
day,  however,  the  most  widespread 
use  of  cytoplasmic  male  sterility  is 
in  the  production  of  hybrid  seed 
corn.  It  was  first  pointed  out  by 
D.  F.  Jones  and  Everett  (1949)  that 
a  great  deal  of  detasseling  in  corn 
production  could  be  eliminated  if 
a  completely  pollen-sterile  single 
cross  is  used  in  place  of  the  normal, 
fertile  seed  parent.  Actually,  both 
fertile  and  sterile  counterparts  of 
a  hybrid  can  be  produced  in  the 
same  field.  Blending  at  harvest  time 
is  accomplished  by  picking  a  seed 
row  of  the  fertile  single  cross,  and 
then  a  seed  row  of  the  male  sterile 
single  cross.  This  insures  an  ade¬ 
quate  mixture  of  fertile,  pollen- 
shedding  plants.  Since  all  female 
flowers  are  fertile,  a  normal  seed 
set  will  result.  The  control  of  pollen 
production  by  nuclear  genes  was  de¬ 
scribed  by  Jones  (1950)  and  Rogers 
and  Edwardson  (1952).  Certain  in- 
bred  lines  of  corn  contain  genetic 
factors  for  pollen  restoration  which 
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will  overcome  pollen  abortion  by  the 
cytoplasm.  These  restorer  genes  pro¬ 
mote  normal  pollen  grain  develop¬ 
ment.  The  use  of  restorer  lines  in 
hybrid  seed  corn  production  would 
enable  a  hybrid  to  be  produced  with¬ 
out  blending  in  the  field. 

General  improvement  of  hybrid 
corn  can  be  expected  from  the  use 
of  cytoplasmic  male  sterility  for  the 
following  reasons:  1.  inbred  line 
increase  and  single-cross  foundation 
seed  production  require  intensive 
supervision ;  2.  the  addition  of  re¬ 

storer  factors  in  the  male  single¬ 
cross  may  bring  in  other  beneficial 
genes  which  are  linked  with  the  re¬ 
storer  genes ;  and  3.  the  decrease 
in  the  amount  of  detasseling  neces- 
sary  for  commercial  seed  production 
will  reduce  injury  to  the  female 
plants  no  r  m  ally  encountered 
through  removal  of  leaves  and  infec¬ 
tion  by  plant  diseases. 

In  addition  to  maize  and  onion, 
hybrid  seed  of  other  plants  such  as 
the  carrot,  Daucus  carota  L.,  sugar 
beet,  Beta  vulgaris  (saccharifera) 
L.,  and  petunia,  Petunia  violacea 
Lindl,  is  being  produced  with  a  cyto- 
sterile  female  parent. 

Recently,  Stephens  and  Holland 
(1954)  announced  that  in  sorghum, 
Sorghum  vulgar e  Pers.,  hybrid  grain 
production  is  commercially  possible 
through  the  use  of  cytoplasmic  male 
sterility.  Increases  in  yields  up  to 


100%  have  already  been  reported 
from  widespread  strip  tests  and 
yield  trials.  The  increased  yield  of 
hybrid  sorghum,  together  with  con¬ 
tinued  drought  in  the  corn  growing 
areas  and  acreage  restrictions,  with¬ 
in  a  very  short  period  of  time  should 
double  the  present  yield  from  the 
11  million  acres  of  sorghum  grown. 

It  would  be  difficult  at  this  time  to 
predict  which  one  of  these  four  fields 
of  genetic  research  will  benefit  agri¬ 
culture  most.  Evidence  has  been 
presented  which  shows  that  efficient, 
peacetime  applications  of  atomic  en¬ 
ergy  can  greatly  increase  the  muta¬ 
tion  rate.  With  this  higher  frequen¬ 
cy  of  gene  mutations  in  plants,  the 
greater  will  be  the  chances  of  locat¬ 
ing  beneficial  changes.  It  has  also 
been  shown  that  by  means  of  poly¬ 
ploid  species  and  improved  selection 
techniques,  disease  resistance  and 
additional  yield  factors  can  be  incor¬ 
porated  in  our  economic  crops.  The 
discovery  of  male-sterile  factors  in 
the  cytoplasm  and  of  fertility 
restoration  genes  in  the  nucleus  has 
increased  the  possibilities  for  hy¬ 
brid  production  in  many  of  our 
cultivated  species.  With  pollen  ste¬ 
rility,  tedious  emasculation  of  per¬ 
fect-flower  plants,  such  as  the  on¬ 
ion,  is  no  longer  necessary  for  cross 
pollination.  To  screen  many  genera 
of  the  plant  kingdom  for  cytosterile 
strains  will  become  the  plant  breed¬ 
ers  next  important  challenge. 
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A  STUDY  OF  INSECT  INFESTATIONS  IN  A 
NEGLECTED  PEACH  ORCHARD 

STEWART  CHANDLER 

Illinois  Natural  History  Survey ,  TJrbana 


During  the  seasons  of  1953  and 
1954  a  study  of  insect  populations 
was  conducted  in  a  southern  Illinois 
peach  orchard  which  had  been  neg¬ 
lected  and  unsprayed  since  the  con¬ 
clusion  of  the  1951  harvest.  It  was 
hoped  that  it  would  yield  informa¬ 
tion  of  immediate  and  practical 
value  and  also  some  data  of  a  more 
basic  nature.  The  orchard  is  near 
Mounds,  Pulaski  County,  Illinois, 
almost  at  the  southernmost  tip  of 
the  state.  It  is  located  in  a  rugged 
terrain  with  enough  wood  and  brush 
land  at  its  edges  to  provide  good 
hibernating  quarters  for  insects.  As 
a  result  of  these  surroundings,  the 
poor  spraying  the  orchard  had  re¬ 
ceived  prior  to  its  abandonment,  and 
its  location  in  the  southern  end  of 
the  state  where  all  insects  thrive  bet¬ 
ter  than  farther  north,  there  was  a 
high  insect  population  in  the  orchard 
at  the  time  it  was  abandoned.  The 
study  was  of  practical  value  in  that 
on  the  basis  of  conditions  observed 
in  this  orchard,  insect  and  disease 
development  could  be  predicted  for 
areas  farther  north.  This  informa¬ 
tion  was  incorporated  in  our  weekly 
spray  service  report  sent  to  fruit 
growers.  The  conditions  in  this  or¬ 
chard  presented  an  excellent  oppor¬ 
tunity  for  the  study  of  insects  and 
insect  development  in  relation  to  the 
development  of  the  peach  tree  under 
conditions  unaffected  by  poisoning 
or  other  activities  of  man.  With  a 


little  additional  effort  it  was  possible 
to  obtain  valuable  information  on 
the  extent  of  insect  and  disease  in¬ 
juries  to  the  fruit  and  the  extent 
of  crop  losses  when  no  sprays  were 
used. 

Information  on  insect  populations 
was  obtained  by  jarring  five  previ-. 
ously  marked  trees  at  approximately 
weekly  intervals  from  the  blooming 
period  until  harvest  and  recording 
the  number  of  insects  dislodged  onto 
sheets  placed  under  the  branches. 
Jarring  is  done  with  a  pole,  at  one 
end  of  which  is  a  padded  block  of 
wood.  Quick  blows  with  the  end  of 
the  pole  on  the  main  branches  of 
the  trees  will  dislodge  many  insects, 
especially  in  the  cool  of  the  morning. 

In  peach  orchards  the  important 
insects  which  may  be  dislodged  by 
jarring  are  the  plum  curculio, 
Conotrachelus  nenuphar,  and  cer¬ 
tain  sucking  insects,  notably  the 
tarnished  plant  bug,  Lygus  lineolari- 
us,  and  a  number  of  stink  bugs,  the 
most  common  of  which  belong  to  the 
genus  Euschistus.  Of  the  insects 
whose  immature  stages  enter  the 
fruit  of  peaches,  the  plum  curculio  is 
by  far  the  most  important.  Most  of 
the  spray  operations  conducted  by 
the  growers  are  designed  to  control 
this  insect  and  the  disease  for  which 
it  makes  ready  access,  brown  rot, 
caused  by  the  fungus  Monilinia  fruc- 
ticola.  The  plum  curculio  is  also 
responsible  for  some  of  the  injury 
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known  as  *  'catfacing.”  Tarnished 
plant  bugs  and  stink  bugs  are  the 
most  important  catfacing  insects. 
Catfacing  may  be  defined  as  an  early 
injury  to  the  fruit  that  checks  the 
growth  at  that  point  and  results  in 
a  distorted  and  frequently  lopsided 
peach  with  a  lack  of  pubescence  in 
the  area  affected. 

The  number  of  sucking  insects 
obtained  by  this  jarring  method  was 
surprisingly  small.  Only  two  tar¬ 
nished  plant  bugs  were  caught  in 
the  entire  season  of  1953  and  four 
in  1954.  Only  37  stink  bugs  were 
caught  in  1953  and,  of  these,  25  were 
jarred  late  in  the  season  (July)  and 
represented  a  second  brood.  These 
late  stink  bugs  do  not  produce  the 
typical  injury.  In  1954  only  seven 
stink  bugs  were  obtained  during  the 
season.  It  is  possible  that  the  heat 
and  drought  which  were  severe  in 
both  years  were  responsible,  or  that 
the  insects  may  have  been  held  in 
check  by  natural  enemies,  or  both 
factors  might  have  been  acting  to 
reduce  the  numbers.  Such  small 
numbers  make  the  seasonal  distribu¬ 
tion  of  data  of  little  value  and  these 
data  are  not  recorded  here. 

The  total  number  of  plum  curculio 
adults  obtained  by  19  jarrings  in 

1953  reached  the  astonishing  total 
of  495.  The  distribution  over  the 
season  and  in  relation  to  stages  of 
fruit  development  is  shown  in  Fig¬ 
ure  1.  Quite  large  numbers  were 
jarred  in  1954  as  compared  with 
those  in  most  sprayed  orchards,  but 
many  less  than  in  the  preceding  year 
in  this  orchard.  The  distribution  in 

1954  is  shown  in  Figure  2. 

A  study  of  these  two  graphs  will 
show  that  the  plum  curculio  first  ap¬ 
peared  in  relatively  small  numbers 
when  peach  trees  were  in  the  late 


bloom  stage,  and  that  the  popula¬ 
tion  began  to  increase  rapidly  about 
two  weeks  later,  about  the  shuck- 
crack  period.  In  1953  the  peak  of 
abundance  occurred  21  days  after 
the  shucks  were  all  off  the  fruit, 
which  was  56  days  after  the  first  ap¬ 
pearance  of  the  beetles  in  the  or¬ 
chard.  In  1954  the  peak  was  reached 
13  days  after  the  shucks  were  off 
or  43  days  after  the  first  appearance 
of  beetles.  These  differences  may  be 
correlated  with  weather  conditions, 
especially  temperatures.  In  both 
years,  however,  the  data  indicate  a 
rather  prolonged  period  during 
which  the  adults  emerged  from  win¬ 
ter  quarters.  These  beetles  usually 
hibernate  at  the  edges  of  peach  or¬ 
chards  and  in  woodlands  and  thick¬ 
ets  which,  as  already  noted,  are 
abundant  in  the  vicinity  of  this  or¬ 
chard,  and  in  spring  the  insects  fly 
to  nearby  orchards.  The  five  trees 
which  were  used  for  jarring  were 
close  to  this  type  of  vegetation. 
Knowledge  of  this  extended  period 
of  adult  activity  has  practical  sig¬ 
nificance  because  it  indicates  the 
need  for  continued  protection  of  the 
fruit  by  insecticides  with  good  resid¬ 
ual  qualities. 

Following  these  peaks  there  is  a 
rapid  drop  in  numbers  of  curculios 
present  on  the  trees  (Figs.  1  and  2), 
indicating  the  period  when  feeding 
and  ovipositing  have  ceased  and  the 
overwintering  adults  are  dying  off. 
It  is  during  this  period  that  the  lar¬ 
vae  leave  the  fruit,  enter  the  soil,  and 
pupate.  Studies  have  shown  that 
the  adults  emerge  from  the  pupal 
cells  in  the  ground,  but  they  require 
some  moisture  before  they  are  able 
to  work  their  way  to  the  surface. 
The  three  seasons  of  1952,  1953  and 
1954  were  very  unfavorable  for 
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Numbers  of  plum  curculios  jarred  from  5  unsprayed  peach  trees  in  1953. 


Fig.  2 


Numbers  plum  curculios  jarred  from  5  unsprayed  peach  trees  in  1954. 


Insects  in  Peach  Orchard 


Fig.  3. — Numbers  of  plum  curculios  jarred  from  5  peach  trees  in  a  normal  season. 


emergence  of  curculios  from  the 
ground,  and  consequently  Figures 
1  and  2  show  very  small  midsummer 
peaks.  The  beetles  represented  by 
this  second  peak  are  first  generation 
adults.  These  produce  the  second 
brood  of  larvae  from  which  come 
the  adults  that  will  later  hibernate. 
If  this  second  brood  is  small,  the 
carryover  into  the  following  year  is 
also  light.  A  more  normal  season 
is  indicated  by  Figure  3,  in  which 
the  second  peak  is  higher  than  the 
first.  To  obtain  information  on  the 
extent  to  which  insects  and  diseases 
would  injure  fruit  left  entirely  un¬ 
sprayed,  500  peaches  were  examined 
at  harvest  in  each  of  the  two  years 
1953  and  1954.  These  records  are 
given  in  Table  1. 

With  the  extremely  heavy  infes¬ 
tation  in  1953  it  was  impossible  to 
make  accurate  distinctions  between 
wormy  and  stung  peaches,  especially 
when  the  injuries  were  masked  or 
obscured  bv  brown  rot  infection. 


Therefore,  they  were  grouped  to¬ 
gether  in  Table  1.  The  correlation 
between  the  injury  by  plum  curculio 
and  that  by  brown  rot  is  quite  ap¬ 
parent.  In  1953  there  was  just  one 
peach  which  was  found  to  be  abso¬ 
lutely  free  from  insect  and  disease 
injury.  The  important  part  played 
by  peach  scab,  which  is  caused  by 
the  fungus  Cladosporium  carpo- 


Table  1. — Records  of  Insect  Infesta¬ 
tion  of  500  Peaches  Examined  at  Harvest 
in  a  Neglected  Orchard,  1953  and  1954. 


Injuries  to  fruit  from 

Number  of 
peaches  infested 

1953 

1954 

Plum  curculio,  wormy . . 

•  •  •  • 

49 

stung.  .  . 

.... 

60 

Total  curculio . 

444 

109 

Oriental  fruit  moth .... 

4 

11 

Catfaced . 

82 

70 

Leaf  roller . 

0 

0 

Brown  rot  of  peach .... 

276 

10 

Peach  scab . 

343 

500 
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philum,  is  self-evident.  There  were 
no  perfect  peaches  in  1954,  very 
largety  because  of  this  disease.  The 
greatest  injury  from  peach  scab  is 
to  the  appearance  and  market  value 
of  the  fruit,  reducing  it  to  the  grade 
of  a  cull,  because  the  disease  does 
not  cause  any  appreciable  injury  to 
the  quality  of  the  flesh  of  the  fruit. 

In  addition  to  the  fact  that  the 
peaches  remaining  on  the  trees  at 
harvest  time  were  unmarketable,  the 
crop  was  materially  reduced  by  the 
dropping  of  insect-  and  disease- 
infested  peaches  between  the  time 
of  the  normal  June  drop  and  har¬ 
vest.  In  1953  following  the  June 
drop  the  crop  was  estimated  at  two 
bushels  per  tree,  but  at  harvest  time 
the  number  of  peaches  remaining 
on  the  trees  averaged  only  59  fruits, 


or  approximately  one-third  bushel 
of  peaches  per  tree.  This  indicated 
that  approximately  83  per  cent  of 
the  crop  was  lost  in  the  preharvest 
period.  On  June  14,  1954,  following 
the  June  drop  the  trees  were  carry¬ 
ing  an  average  of  308  peaches  per 
tree,  but  at  harvest  time  the  crop 
averaged  only  176  fruits,  or  approxi¬ 
mately  three-fourths  bushel  of 
peaches  per  tree.  This  showed  a 
42%  reduction  in  the  crop  between 
June  14  and  harvest  time. 

These  data  on  yields  and  losses 
should  convince  even  the  most  criti¬ 
cal  that  a  commercial  peach  crop 
can  not  be  produced  in  southern 
Illinois  without  the  use  of  good  in¬ 
secticides  and  fungicides  to  control 
insects  and  diseases. 
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SOUTHERN  LIMITS  OF  THE  LEAST  WEASEL 

[MU STELA  BIXOSA) 

IN  CENTRAL  UNITED  STATES 

DONALD  F.  HOFFMEISTER 

University  of  Illinois,  Urbana 


Iii  November,  1954,  a  least  weasel, 
Mustela  rixosa  allegheniensis,  was 
captured  at  Urbana,  Champaign 
County,  Illinois.  This  is  more  than 
100  miles  south  of  the  previously 
known  most  southern  record  of  this 
species  in  Illinois  and  caused  me  to 
review  the  distribution  of  Mustela 
rixosa  in  parts  of  the  central  United 
States. 

According  to  Hall’s  review  of  the 
American  weasels  (1951:187-190), 
the  southern  limits  of  Mustela  rixosa 
allegheniensis  include  northern  Illi¬ 
nois,  northern  Indiana,  and  north¬ 
ern,  central,  and  southeastern  Ohio. 
Recently  collected  material  and  pre¬ 


viously  published  records  indicate, 
however,  that  the  least  weasel  oc¬ 
curs  farther  south  in  both  Illinois 
and  Indiana  and  farther  southwest 
in  Ohio.  On  the  accompanying  map 
(Fig.  1)  the  marginal  records  listed 
by  Hall  (1951)  for  Illinois,  Indiana, 
and  Ohio  are  given  as  unnumbered 
dots.  The  additional  records,  indi¬ 
cating  a  more  southerly  range  for 
M.  r.  allegheniensis,  are  shown  as 
numbered  dots.  These  records  are : 

Illinois:  1.  Lee  County:  Henkel. 
One  specimen  in  the  collections  of  the 
Illinois  Natural  History  Survey.  It  was 
recorded  by  Necker  and  Hatfield  (1941) 
as  Henkle.  2.  Champaign  County: 
Urbana.  A  subadult  male  was  recovered 


Fig.  1. — Range  of  least  weasel  in  Illinois,  Indiana,  and  Ohio,  with  southern 
limits  as  recorded  by  Hall  (1951)  indicated  by  unnumbered  dots.  More  southerly 
records  are  indicated  by  numbered  dots. 
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dead  on  November  27,  1954,  from  a  base¬ 
ment  window-well  of  a  home.  It  ap¬ 
parently  died  of  starvation.  Specimen 
is  in  the  Museum  of  Natural  History, 
University  of  Illinois. 

Indiana:  3.  Tippecanoe  County: 

West  Lafayette.  Kirkpatrick  and  Cona¬ 
way  (1948)  not  only  examined  a  male 
least  weasel  from  West  Lafayette,  but 
reported  seeing  another  near  Battle 
Ground,  Tippecanoe  County.  1  and  5. 
Wayne  County:  Milton  (one  specimen) 
and  Richmond  (two  specimens).  James 
B.  Cope  of  Earlham  College  has  kindly 
given  me  these  records  of  specimens  in 
his  museum.  The  two  specimens  from 
Richmond  were  taken  within  the  city. 
A  third  animal  entered  the  museum  of 
Earlham  College,  was  captured,  but 
escaped  before  it  could  be  prepared. 


Ohio:  6.  Hamilton  County:  Cali¬ 
fornia  and  6  mi.  NNW  New  Richmond. 
Goodpaster  (1941)  recorded  the  capture 
of  these  two  specimens.  7.  Warren 
County:  Maineville.  Goodpaster  in¬ 

formed  me  (in  litt.,  December  16,  1954) 
that  least  weasels  were  rather  plentiful 
there,  although  he  had  collected  only 
one.  S.  Warren  County:  Pleasant 
Plain.  Goodpaster  (in  litt.)  collected 
two  specimens  there.  9.  Brown  County: 
5  mi.  SW  Mt.  Orab.  At  Neal’s  Corner, 
southwest  of  Mt.  Orab,  Goodpaster  saw 
a  least  weasel  that  was  smashed  on 
the  road  and  not  savable.  10.  Fayette 
County:  8  mi.  NE  Washington  C.  H. 
This  individual,  almost  white,  was 
brought  in  by  a  cat  and  prepared  by 
Goodpaster  (in  litt.). 


Literature  Cited 


Goodpaster,  W.  W.  1941.  Mammals  of 
southwestern  Ohio.  Jour.  Cincinnati 
Soc.  Nat.  Hist.,  22:41-47. 

Hall,  E.  R.  1951.  American  weasels. 
Univ.  Kansas  Publ.,  Mus.  Nat.  Hist., 
4:1-466. 

Kirkpatrick,  C.  M.,  and  C.  H.  Conaway. 


1948.  Some  notes  on  Indiana  mam¬ 
mals.  Amer.  Midi.  Nat.,  39:128-136. 

Necker,  W.  L.,  and  D.  M.  Hatfield. 
1941.  Mammals  of  Illinois,  an  an¬ 
notated  check  list  with  keys  and  bibli¬ 
ography.  Bull.  Chicago  Acad.  Sci., 
6:17-58. 


Illinois  Academy  of  Science  Transactions,  Vol.  48,  1956 


TRICHOMONADS  IN  THE  GOLDEN  HAMSTER 

WAYNE  W.  WANTLAND 
Illinois  Wesleyan  University ,  Bloomington 


A  study  of  parasitic  fauna  in  500 
golden  hamsters,  Cricetus  auratus 
(AVaterhouse)  from  eight  sources  has 
revealed  a  high  incidence  (98.4%) 
of  trichomonad  flagellates  in  the  di¬ 
gestive  tract,  particularly  in  the 
caecum.  It  is  well  established  that 
rodents,  as  well  as  other  animals  in 
nature,  commonly  harbor  species  of 
mastigophora.  Many  of  these  forms 
show  little  host  specificity  and  a  high 
degree  of  transfaun ations  has  been 
demonstrated  in  rodents  by  Saxe 
(1950).  AUenrich  (1946)  who  has 
done  a  prodigious  amount  of  work 
on  protozoa  of  rodents,  especially 
trichomonads,  is  inclined  to  consider 
most  of  the  protozoa  found  in  the 
intestine  of  the  hamster  as  identical 
with  those  found  in  rats.  However, 
the  evidence  thus  far  is  not  entirely 
conclusive  and  much  remains  to  be 
done  in  the  way  of  transfaunation 
studies  and  tests  of  host  specificity 
of  these  forms.  AVenrich  (1946)  re¬ 
ported  from  observations  made  on 
one  hamster,  the  finding  of  a  Tricho¬ 
monas  muris- like  form,  as  well  as 
flagellates  resembling  Trichomonas 
minuta,  Trichomonas  wenyoni,  Giar- 
dia  muris,  and  Chilomastix  hetten- 
courti.  AVenrich  and  Saxe  (1950) 
reported  success  in  infecting  two 
trichomonad-free  hamsters  with  a 
small  trichomonad  originally  ob¬ 
tained  from  a  vole,  Microtus  penn- 
sylvanicus.  The  name  Trichomonas 
microti  was  proposed  for  this  flagel¬ 


late  by  these  authors  and  it  was  first 
described  by  them. 

The  following  report  is  the  result 
of  a  study  supported  in  part  by  the 
Medical  Research  and  Development 
Board,  Office  of  the  Surgeon  Gen¬ 
eral,  Department  of  the  Army,  under 
contract  No.  DA-49-007-MD-495  and 
in  part  by  the  Division  of  Dental 
Research,  School  of  Medicine  and 
Dentistry,  University  of  Rochester, 
Rochester,  N.  Y.  Hamsters  from  the 
following  sources  were  examined : 
School  of  Med.  and  Dent.,  Univ. 
Rochester,  Rochester,  N.  Y. ;  School 
of  Dent.  Med.,  Harvard  Univ.,  Bos¬ 
ton,  Mass. ;  School  of  Dent.,  Univ. 
Ala.,  Birmingham,  Ala. ;  School  of 
Dent.,  Univ.  Minn.,  Minneapolis, 
Minn. ;  Division  of  Dental  Research, 
AValter  Reed  Army  Hospital,  AVasli- 
ington,  D.  C. ;  Dept,  of  Biol.,  Ill., 
AVesleyan  Univ.,  Bloomington,  Ill.; 
Gulf  Shores  Hamstery,  Gulf  Shores, 
Ala. ;  and  Gen.  Biol.  Supply  House, 
Chicago,  Ill. 

The  following  trichomonads  were 
identified  :  Trie h omonas  m u ris, 
Trichomonas  wenyoni,  Trichomonas 
minuta,  Trichomonas  microti,  and  a 
trichomonad  apparently  unlike  any 
reported  in  the  literature.  This  lat¬ 
ter  organism  exhibits  a  more  elon¬ 
gated,  slender  shape,  measuring  12 
to  25  y  in  length  by  5  to  10  y  in 
width.  This  form  possesses  three 
anterior  flagella,  a  heavy,  full  body- 
length  costa,  an  anteriorly  located 
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Figures  la,  lb,  lc,  Id,  and  le  are  photomicrographs  of  camera  lucida  drawings 
of  iron-hematoxylin-stained  specimens,  X  1500.  Fig.  la. — Trichomonas  muris 
trophozoite;  note  thick,  pear-shape  and  heavy,  full  body-length  costa;  Fig.  lb. — 
Trichomonas  wenyoni  trophozoite;  note  free  posterior  portion  of  undulating  mem¬ 
brane  and  long  posterior  projection  of  axostyle;  Fig.  lc. — Trichomonas  minuta 
trophozoite;  note  small  size,  short  posterior  projection  of  axostyle  and  chromatic 
ring  at  point  of  emergence  of  axostyle  from  body;  Fig.  Id. — Trichomonas  microti 
trophozoite;  note  presence  of  four  anterior  flagella  and  long  filamentous  end  of 
axostyle;  Fig.  le. — Trichomonas  cricetus  trophozoite;  note  long  slender  body, 
posterior  bulbar  expansion,  and  chromatic  ring  at  point  of  emergence  of  axostyle. 
Fig  2. — Stained  cyst  of  trichomonad;  note  remnant  of  undulating  membrane  within 
cyst  wall,  X  2000.  Fig.  3. — Unstained  cysts  of  trichomonads;  cystic  stages  formed 
by  subjecting  trophozoites  to  artificial  gastric  juice;  note  definite  cyst  walls,  X  1800. 
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nucleus,  and  a  relatively  long,  club- 
shaped  parabasal  body.  Metachro- 
matic  granules  are  heavy  and  numer¬ 
ous.  A  chromatic  ring  is  present. 
A  bulbar  expansion  of  the  posterior 
end  near  the  point  where  the  broad 
axostyle  emerges,  together  with  the 
slender  shape  of  the  body,  differenti¬ 
ates  this  trichomonad  from  the  other 
forms.  The  name  Trichomonas  cri- 
cetus  is  proposed  for  this  tricho¬ 
monad. 

All  examinations  were  done  at 
autopsy  and  no  attempt  was  made 
to  establish  percentages  of  the  differ¬ 
ent  species  of  trichomonads  observed. 
Trichomonas  muris  was  the  most 
prevalent,  with  smaller  numbers  of 
the  other  species  interspersed  in  wet 
smears  of  material  prepared  for  ex¬ 
amination.  Trichomonads  were  pres¬ 
ent  in  greatest  concentration  in  the 
caecum  of  hamsters,  but  they  were 
also  observed  in  smaller  numbers  in 
the  duodenum  and  occasionally  in 
the  stomach  and  lower  oesophagus. 
The  trophozoite  forms  of  tricho¬ 
monads  observed  are  shown  in  Fig¬ 
ure  1.  A  detailed  comparison  of 
these  species  is  shown  in  Table  1. 

Multiplication  of  these  tricho¬ 
monads  occurs  by  binary  fission,  and 
rarely  a  somatella  is  observed,  indi¬ 
cating  multiple  fission.  Consider¬ 
able  difference  of  opinion  exists 
among  parasitologists  (Wenyon, 
1926 ;  Hegner  et  al 1938 ;  and 
Chandler,  1952)  with  reference  to 
formation  of  cysts  by  trichomonads. 
In  this  study,  cyst-like  bodies  were 
definitely  observed  in  all  forms  of 
trichomonads  obtained  from  ham¬ 
sters.  These  spherical  bodies  meas¬ 
uring  from  7  to  13  /x  in  diameter 
were  noted  periodically  in  small 
numbers  in  normal  feces  and  in  ex¬ 
cessive  numbers  in  feces  from  ham¬ 


sters  fed  a  sunflower  seed  diet  for 
three  days  or  given  stale  bread 
soaked  in  a  saturated  solution  of 
magnesium  sulphate  (Figs.  2  and 
3).  The  writer  is  inclined  to  look 
upon  these  bodies  as  true  cysts  be¬ 
cause  of  their  appearance,  method  of 
formation,  and  quiescence.  In  wet 
preparations  from  the  caecum,  tro¬ 
phozoite  forms  can  be  observed  to 
pass  into  the  cystic  stage  as  the 
preparation  dries.  The  active  forms 
thrash  their  flagella  wildly,  and 
wave-like  movements  of  the  undulat¬ 
ing  membrane  increase  in  speed  for 
a  time.  All  movements  gradually 
become  slower  and  finally  a  few  spas¬ 
modic  waves  of  the  undulating  mem¬ 
brane  envelop  the  posterior  part  of 
the  axostyle,  pulling  it  into  the  cyst. 
Trophozoites  placed  on  a  slide  with 
artificial  gastric  juice  encyst  within 
a  matter  of  minutes.  Upon  the  addi¬ 
tion  of  two  or  three  drops  of  five 
per  cent  aqueous  solution  of  pan- 
creatin,  movements  can  again  be  ob¬ 
served.  The  organism  first  begins 
to  revert  to  the  trophozoite  form 
by  a  twisting,  churning  action  with¬ 
in  the  cyst  wall.  As  the  action  of 
pancreatin  proceeds,  the  whole  or¬ 
ganism  rotates  within  the  cyst  and 
movements  of  the  undulating  mem¬ 
brane  can  be  seen.  During  a  period 
of  one  to  two  hours  following  the 
addition  of  pancreatin  the  undulat¬ 
ing  membrane  increases  its  move¬ 
ments.  The  body  of  the  organism  as¬ 
sumes  various  shapes,  the  flagella 
and  the  posterior  part  of  the  axostyle 
appear,  and  finally  the  trophozoite 
exhibits  the  characteristic  locomo¬ 
tion  of  this  stage  of  development. 

Hamsters  are  born  trichomonad- 
free.  No  hamsters  under  six  days  of 
age  have  been  found  infected  with 
these  parasites  in  this  laboratory. 


Table  1. — Comparison  of  the  Species  of  Trichomonads  from  the  Golden  Hamster. 
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Initial  infection  occurs  after  the 
young*  become  somewhat  more  active 
and  begin  to  crawl  and  lick  the 
perianal  region  of  the  mother  as  well 
as  feces  dropped  by  her.  Older 
hamsters  probably  re-infect  them¬ 
selves  by  eating  their  own  feces  con¬ 
taining  cysts ;  continued  fission  in 
the  small  intestine  and  caecum  re¬ 
sults  in  tremendous  numbers  of 
trichomonads.  Marked  hyperemia  of 
the  intestinal  wall,  with  pin-point 
entorrhagia,  was  observed  in  many 
heavily  infected  animals,  and  ery¬ 
throcytes  were  demonstrable  in  tro- 
phozites.  Evidence  to  date  indi¬ 
cates  that,  in  cases  where  the 
hamster  host  is  weakened  (certain 
nutritional  experiments,  surgery, 
etc.)  and  trichomonads  are  present 
in  large  numbers,  a  wasting  diarrhea 


appears.  The  result  is  death  in 
many  instances.  Wantland  and  Jo¬ 
hansen  (1954)  reported  the  feeding 
of  a  high  protein  diet  and  the  ad¬ 
ministration  of  carbarsone  as  effec¬ 
tive  treatments  in  removing  these 
flagellates  from  infected  hamsters. 

Since  definite  pathogenicity  has 
been  established  in  infections  with 
various  other  trichomonads  and  in 
view  of  the  above  findings  in  the 
hamster  it  seems  prudent  to:  (1) 
consider  possible  effects  of  the  pres¬ 
ence  of  these  parasites  in  hamsters 
in  the  interpretation  and  evaluation 
of  data  from  the  many  and  varied 
experiments  on  this  rodent;  and 
(2)  exercise  precautionary  measures 
against  possible  infection  of  labora¬ 
tory  workers  with  these  protozoa. 
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TOXICITY  OF  SODIUM  FLUORIDE  IN  HAMSTERS 

WAYNE  W.  WANTLAND  AND  THOMAS  A.  WEIDMAN 
Illinois  Wesleyan  University ,  Bloomington 


Introduction 

The  development  of  dental  caries 
in  the  molar  teeth  of  hamsters  is 
very  similar  to  that  in  human  be¬ 
ings  as  was  first  shown  by  Arnold 
(1912).  The  golden  hamster,  Crice- 
tus  auratns,  and  the  white  rat,  Rat- 
tus  norvegicus  albinus ,  are  both 
used  extensively  in  current  research 
on  dental  caries  and  periodontal  dis¬ 
ease.  The  rather  rapid  and  wide¬ 
spread  adoption  of  the  practice  of 
water  fluoridation,  as  well  as  topical 
application  to  the  teeth,  has  more 
recently  stimulated  further  study 
of  the  toxicity  of  fluoride  com¬ 
pounds.  The  lethal  effects  of  fluorine 
in  large  amounts  has  long  been  rec¬ 
ognized.  Dental  fluorosis  (mottling 
of  the  enamel)  brought  about  by  the 
presence  of  fluorine  in  drinking 
water  in  excess  of  one  to  two  parts 
per  million  likewise  has  been  recog¬ 
nized  by  dentists  for  some  years. 
The  beneficial  effects  of  fluorine  in 
prevention  of  tooth  decay,  when 
present  in  drinking  water  not  in  ex¬ 
cess  of  1  to  2  p.p.m.,  and  the  pro¬ 
phylactic  value  of  topical  applica¬ 
tion  of  2%  sodium  fluoride  have  been 
recent  developments.  However,  ac¬ 
cording  to  Shaw  (1954),  suggestions 
that  the  maintenance  of  teeth  was 
enhanced  by  the  ingestion  of  fluo¬ 
rides  can  be  found  in  the  literature 
of  the  latter  part  of  the  nineteenth 
century.  Bunting  et  al.  (1928)  were 
among  the  first  to  present  convincing 


evidence  of  this  relationship  in  their 
report  of  a  survey  of  the  teeth  of 
school  children  in  Minonk,  Illinois, 
where  the  water  contains  2  to  3  p.p.m. 
natural  fluorides.  Hodge  (1948^ 
stated  that  the  2%  (20,000  p.p.m.) 
sodium  fluoride  used  in  topical  ap¬ 
plication  by  dentists  is  too  toxic  for 
other  than  professional  use,  that 
there  is  little  probability  that  the 
fluorides  used  in  control  of  dental 
caries  would  or  could  be  crippling 
(stiffness  of  the  joints,  a  “poker 
back”,  and  a  gradual  loss  of  mo¬ 
tion),  and  that  1  p.p.m.  fluorine  ad¬ 
dition  to  the  public  water  supplies 
probably  will  result  in  very  mild 
mottling  detectable  only  by  trained 
experts  in  some  children’s  teeth. 
Cox  and  Hodge  (1950)  reaffirmed 
these  results.  The  acute  toxicity  of 
fluorides  in  man,  reported  by  Bald¬ 
win  (1899)  and  Rabuteau  (1867) 
who  took  amounts  varying  from  0.03 
gm.  to  0.25  gnu,  was  obtained 
through  the  emploj^ment  of  more 
than  twice  the  amount  (105  mg.) 
that  could  cause  death  in  a  140- 
pound  man  (1.65  mg.  per  kg.  body 
weight  reported  by  Gettler  and  El- 
lerbrook,  1939).  Shaw  (1954)  clari¬ 
fied  many  questions  regarding  the 
use  of  fluorine  compounds :  what 
fluorides  are ;  the  benefits  of  ingest¬ 
ing  them ;  the  toxicity  of  these  com¬ 
pounds  ;  and  safety  factors. 

The  studies  here  reported  on  the 
toxicity  of  sodium  fluoride  in  ham- 
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sters  were  prompted  by  results  of 
previous  experiments  on  the  tricho- 
monocidal  value  of  sodium  fluoride 
(2  to  10,000  p.p.m.)  ad  libitum  in 
hamsters.  These  animals  revealed  a 
rather  high  tolerance  for  the  com¬ 
pound,  and  a  marked  reduction  in 
numbers  of  trichomonads  occurred. 
This  was  comparable  to  the  results 
obtained  with  carbarsone  and  a  high 
protein  diet  (Wantland  and  Johan¬ 
sen,  1954). 

The  work  was  supported  by  the 
Medical  Research  and  Development 
Board,  Office  of  the  Surgeon  Gen¬ 
eral,  Department  of  the  Army  under 
Contract  No.  DA-49-007-MD-495. 

Experiments  and  Results 

The  studies  may  be  grouped  into 
three  main  series :  1 )  effects  on  ham¬ 
sters  receiving  ad  libitum  various 
concentrations  (1  to  10,000  p.p.m.) 
of  NaF  over  a  period  of  several 
months;  2)  effects  on  hamsters  re¬ 
ceiving  various  concentrations  (100 
to  10,000  p.p.m.)  of  NaF  daily  by 
stomach  tube;  and  3)  attempts  to 
establish  precisely  the  LD50  of  NaF 
for  the  hamster  (amount  of  NaF  in 
mg.  per  kg.  body  weight  that  kills 
50%  of  experimental  animals  in  24 
hours  or  less). 

An  initial  study  on  20  animals 
ranging  in  age  from  4  to  8  months 
involved  administering  ad  libitum 
concentrations  of  1  to  8  p.p.m.  NaF 
for  a  period  of  9  months.  During 
this  time  the  animals  received  a  reg¬ 
ular  diet  of  pellets  and  fresh  vege¬ 
tables.  Five  animals  receiving  a 
similar  diet  and  tap  water  ad  libitum 
served  as  controls.  These  animals 
were  sacrificed  after  nine  months. 
No  mottling  of  the  teeth  was  noticed. 
The  animals  in  nearly  every  instance 


lost  weight,  but  most  of  them  lost 
only  1  to  8  gm.,  none  more  than  13 
gm.  All  organs  appeared  normal. 
The  consumption  of  fluoride  water 
was  approximately  equal  to  the 
amount  of  tap  water  consumed  by 
tlie  controls. 

A  second  study  of  20  older  ani¬ 
mals  (18  months),  using  concentra¬ 
tions  of  NaF  ranging  from  10  to 
100  p.p.m.  for  a  period  of  7  months 
ad  libitum ,  revealed  much  the  same 
results,  except  in  degree.  The  loss 
of  weight  was  much  greater,  being 
from  8  to  36  gm.  Nine  of  these  ani¬ 
mals  died  in  from  2.5  to  7  months. 
The  strength  of  the  NaF  seemed  not 
to  be  of  consequence.  Animals  on 
100  p.p.m.  lived  the  full  7  months 
and  were  finally  sacrified.  Examina¬ 
tion  of  all  animals  at  autopsy  re¬ 
vealed  no  apparent  abnormalities  in 
any  of  the  organs. 

A  third  study  of  a  total  of  33  ani¬ 
mals,  ranging  in  age  from  4.5  to  18 
months  and  in  weight  from  71  to  179 
grams,  was  carried  out  giving  the 
NaF  ad  libitum  in  solutions  of  100 
to  10,000  p.p.m.  In  this  series  re¬ 
sults  were  more  pronounced  and 
much  faster.  Loss  of  weight  was 
phenomenal.  Three  animals  on  1,000 
p.p.m.  lost  as  much  as  54%  of  their 
original  weight  in  3  months.  The 
animals  on  higher  concentrations 
(2,500  to  10,000  p.p.m.)  in  most 
cases  lost  weight  at  the  greatest  rate 
and  died  within  10  to  15  days.  How¬ 
ever,  3  animals  on  1,000  p.p.m.,  one 
on  2,500,  and  one  on  5,000  p.p.m. 
lived  4.5  months,  at  which  time  this 
particular  study  was  terminated. 
This  study  seemed  to  indicate  that 
the  more  immediately  dangerous 
concentration  was  somewhere  above 
2,500  p.p.m.  While  half  of  the  ani- 
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mals  on  1,000  p.p.m.  died,  they  did 
so  only  after  2.5  to  3  months.  The 
animals  receiving  5,000  p.p.m.  died, 
with  the  one  aforementioned  excep¬ 
tion,  in  7  to  14  days.  Those  animals 
on  10,000  p.p.m.  died  within  the 
same  time  span.  All  animals  re¬ 
ceiving  2,500  p.p.m.  or  more  NaF 
exhibited  p  r  o  nounce  d  lethargy, 
oedema  around  the  eyes,  and  a  ten¬ 
dency  toward  softened  and  some¬ 
times  liquid  feces.  At  autopsy  the 
organs  of  animals  in  this  series  ap¬ 
peared  normal,  except  for  some  hy¬ 
pertrophy  of  the  kidneys  and 
hyperemia  and  flatulence  of  the  in¬ 
testine  in  those  given  2,500  to  10,000 
p.p.m.  NaF. 

When  it  became  apparent  that 
NaF  in  concentrations  above  2,500 

р. p.m.  was  lethal  to  hamsters,  some¬ 
times  in  a  matter  of  days  when  given 
ad  libitum,  a  fourth  study  was  be¬ 
gun.  In  this  we  used  a  polyethylene 
stomach  tube  of  2  mm.  bore,  a  No. 
16  hypodermic  needle  which  fit  snug¬ 
ly  into  the  tubing,  and  a  syringe  to 
administer  the  NaF  solutions.  This 
enabled  us  to  determine  accurately 
the  amount  administered  daily  (0.5 

с. c.).  Twenty-five  animals  were 
utilized  in  this  study :  10  on  10,000 
p.p.m.  and  3  each  on  other  strengths 
(100,  500,  1,000,  2,500,  5,000  p.p.m.). 
Those  animals  receiving  1,000  p.p.m. 
or  less  and  one  animal  receiving 
2,500  p.p.m.  lived  throughout  the 
experiment  (6  weeks).  Those  receiv- 
10,000  p.p.m.  were  of  special  inter¬ 
est  because  it  was  believed  that  this 
might  be  very  close  to  the  LD50  dose. 
One  half  of  one  cubic  centimeter  of 
a  1%  solution  contains  5  mg.  of  NaF 
which  would  be  50  mg.  per  kg.  body 
weight  in  a  100-gram  animal.  Cox 
and  Hodge  (1950)  stated  that  this 
is  the  LD50  of  NaF  for  the  rat.  Later, 


however,  Shourie  el  al.  (1950)  stated 
that  the  LD50  of  NaF  for  the  rat 
is  80  mg.  per  kg.  body  weight.  All 
of  the  hamsters  in  this  experiment 
receiving  0.5  c.c.  of  10,000  p.p.m. 
NaF  daily  by  stomach  tube  died  in 
from  1  to  11  days,  with  rapid  de¬ 
crease  in  weight,  oedema  around  the 
eyes,  and  general  emaciation.  The 
animals  on  5,000  p.p.m.  and  2  of 
the  3  on  2,500  p.p.m.  lived  only 
slightly  longer  (11  to  19  days). 

In  an  attempt  to  establish  exactly 
the  LD50  of  NaF  for  the  hamster, 
each  of  4  hamsters,  after  a  24-hour 
fast,  was  given  100  mg.  per  kg.  body 
weight  by  lightly  anesthetizing  the 
animals  and  inserting  the  stomach 
tube  down  the  oesophagus  to  the 
stomach.  It  was  almost  immediately 
apparent  that  all  of  the  animals  were 
nauseated.  The  respiratory  rate 
was  greatly  increased  (from  a  nor¬ 
mal  of  130  it  went  to  350  per  min¬ 
ute)  and  the  amplitude  was  greatly 
decreased.  Within  10  minutes  gen¬ 
eral  coordination  was  greatly  ham¬ 
pered  by  severe  tetany.  Violent 
shaking  in  the  fore  part  of  the  ani¬ 
mal  was  noticed,  especially  the  head. 
Only  mild  attempts  were  made  by 
the  animals  to  handle  food  placed 
in  the  cage.  This  dose  turned  out 
to  be  an  LD100.  Two  animals  were 
dead  within  3.5  hours,  another  at 
7  hours,  and  the  last  one  within  12 
hours.  Autopsy  of  these  animals  re¬ 
vealed  very  fluid  intestinal  contents 
and  marked  flatulence. 

In  a  second  attempt  to  establish 
the  LD50  of  NaF  for  the  hamster, 
the  amount  given  in  solution  to  4 
animals  was  reduced  to  70  mg.  per 
kg.  body  weight.  All  four  animals 
became  quite  ill  and  exhibited 
marked  lethargy  for  several  hours, 
but,  none  died. 


Table  1. — Data  Pertinent  to  Toxicity  of  Sodium  Fluoride  in  Hamsters. 
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In  a  third  experiment,  each  of  8 
hamsters  was  given  80  mg.  per  kg. 
body  weight.  Three  of  these  animals 
died  within  24  hours  (at  2,  6,  and 
9  hours,  respectively).  A  fourth 
animal  died  48  hours  after  receiving 
the  NaF.  Ten  minutes  after  admin¬ 
istration  there  was  a  marked  increase 
in  rate  of  respiration  in  all  eight 
animals.  The  rate  was  found  to 
reach  350  to  400  per  minute.  After 
an  hour,  breathing  settled  into  a 
regular,  shallow  gasping.  Oedema 
around  the  eyes  appeared  in  15  min¬ 
utes.  After  recovering  from  the  an¬ 
esthesia  (approximately  5  minutes) 
the  animals  were  quite  active  for  20 
minutes,  lethargic  for  10  minutes, 
active  again  for  periods  of  5  to  10 
minutes,  and  then  again  lethargic. 
Some  food  was  sometimes  consumed 
during  the  periods  of  activity.  Tet¬ 
any  was  not  pronounced  in  animals 
receiving  80  mg.  per  kg.  body 
weight,  but  it  was  periodically  ap¬ 
parent  in  a  small  degree.  Lethargy 
became  more  pronounced  at  the  end 
of  about  two  hours,  and  the  animals 
remained  quiet  until  death  or  until 
recovery.  A  summary  of  the  data 
pertinent  to  toxicity  of  sodium  fluo¬ 
ride  in  hamsters  is  given  in  Table  1. 
On  the  basis  of  the  above  evidence, 
the  LD50  for  NaF  in  the  hamster 
was  concluded  to  be  of  the  order  of 
80  mg.  per  kg.  body  weight,  the 
same  as  that  found  in  the  study  made 
on  rats  by  Shourie  et  al.  (1950). 

We  have  not  been  able  to  confirm 
80  mg.  per  kg.  of  body  weight  as 
the  LD50  of  NaF  for  rats.  Two 
groups  of  six  rats  each  have  survived 
single  doses  of  80  to  90  mg.  NaF 
per  kg.  body  weight.  These  animals 
did  show  signs  of  poisoning,  such 


as  increased  respiratory  rate  and 
tremor,  and  in  seven  animals  a  pro¬ 
nounced  diarrhea  was  noted  about 
an  hour  after  administration  of  the 
NaF.  In  a  third  group  of  6  rats, 
each  receiving  100  mg.  NaF  per  kg. 
body  weight,  3  animals  died  within 
15  hours.  It  would  seem  from  the 
above  experiments  on  rats  that  the 
LD50  of  NaF  for  this  rodent  is  of 
the  order  of  100  mg.  NaF  per  kg. 
body  weight. 

Hodge  (1948)  reported  that  fluo¬ 
rine  probably  produces  its  deadly 
effects  in  several  ways :  namely  it 
is  a  precipitant  of  calcium  and  tends 
to  alter  the  concentrations  of  this 
important  physiological  ion ;  it  is  a 
powerful  enzyme  poison  and  affects 
a  wide  variety  of  enzymes ;  utiliza¬ 
tion  of  sugar  is  inhibited;  blood  is 
rendered  uncoagulable  through  the 
inhibition  of  an  enzyme  (throm¬ 
bin?)  ;  and  phosphatases,  catalases, 
and  lipases  are  strongly  inhibited. 
To  date  we  have  not  checked  these 
reactions  to  the  ingestion  of  fluoride 
by  the  hamster  except  that  we  have 
been  unable  to  confirm  the  state¬ 
ment  regarding  the  inhibition  of  the 
coagulation  of  the  blood.  In  our 
experiments,  blood  from  hamsters 
that  had  received  80  mg.  per  kg. 
body  weight  formed  a  solid  clot 
in  from  2  to  3  minutes  (Sabraze’s 
method).  Further  study  is  in  prog¬ 
ress  on  the  effect  on  the  longevity  of 
hamsters  of  a  daily  intake  of  vari¬ 
ous  concentrations  of  NaF  (2  to 

1,000  p.p.m.)  in  drinking  water. 
Histological  studies  and  chemical 
analyses  of  various  tissues  for  fluo¬ 
rine  content  will  be  made  on  these 
animals. 
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NOTES  ON  THE  PARASITES  OF  COTTONTAIL 

RABBITS  IN  ILLINOIS 

DEAN  H.  ECKE  AND  RALPH  E.  YEATTER 
Santa  Clara  County  Health  Department,  San  Jose,  California,  and 
Illinois  Hatural  History  Survey,  Urbana 


Limited  data  on  the  parasites  of 
the  Mearns  cottontail  rabbit,  Sylvila- 
gus  floridanus  mearnsi  Allen,  are 
recorded  here  as  a  contribution  to 
the  knowledge  of  parasites  of  Illi¬ 
nois  wildlife.  These  data  were  col¬ 
lected  during  an  investigation  of  the 
biology  of  the  cottontail  in  central 

CD 

Illinois  from  August,  1947,  to  June, 
1948. 
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Methods 

Rabbits  included  in  this  survey 
were  collected  in  Champaign,  Coles, 
and  Fayette  counties.  Of  the  58  ani¬ 
mals  examined,  44  were  adults  and 
14  were  juveniles.  Ages  were  deter¬ 
mined  after  a  method  described  by 
Hale  (1949).  Rabbits  classified  as 
juveniles  ranged  from  a  probable 
age  of  four  to  nine  months.  All 


rabbits  which  showed  no  epiphyseal 
cartilage  in  the  long  bones  were  clas¬ 
sified  as  adults  and  probably  ex¬ 
ceeded  nine  months  of  age.  Because 
of  other  demands  on  time  and  be¬ 
cause  some  rabbits  were  badly  shot 
up,  it  was  not  possible  to  make  com¬ 
plete  examinations  of  all  specimens. 
Fifty-eight  animals  were  examined 
for  ticks,  31  for  fleas,  and  25  for 
helminths.  Fecal  samples  from  all 
58  rabbits  were  examined  for  coc- 
cidia. 

The  following  techniques  were  ap¬ 
plied  during  complete  examinations. 
Rabbits  were  collected  in  the  field 
with  shotguns,  placed  in  paper  sacks, 
and  transported  to  the  laboratory 
for  examination.  In  the  laboratory, 
ectoparasites  were  removed  and 
placed  in  70%  alcohol.  Larvae  of 
Taenia  pisiformis  were  recovered 
from  the  liver  and  within  the  body 
cavitv.  Other  intestinal  helminths 
were  recovered  by  scraping  the  con¬ 
tents  of  the  alimentary  tract  into 
enamel  pans  and  decanting  in  water. 
Some  fecal  material  from  each  colon 
was  preserved  by  freezing  or  was 
subjected  to  sugar  flotation  and 
placed  in  2.5%  potassium  dichro¬ 
mate  for  examination  for  coccidia. 

Ectoparasites  were  submitted  to 
the  Section  of  Faunistic  Surveys 
and  Insect  Identification  of  the  Illi¬ 
nois  Natural  History  Survey  for 
identification.  Helminths  were  ex¬ 
amined  under  a  lpw-power  micro- 
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scope  and  identified  with  the  use  of 
Erickson’s  key  (1947).  When  nec¬ 
essary,  helminths  were  cleared  in 
phenol,  stained  with  haematoxylin, 
and  mounted  in  clarite.  Identifica¬ 
tions  of  Eimeria  were  accomplished 
by  comparison  with  the  original  de¬ 
scriptions  of  Honess  (1939),  Carval¬ 
ho  (1942),  Da  Fonseca  (1933),  and 
Car  ini  (1940),  and  cross-checking 
against  the  revision  by  Carvalho 
(1943). 

Results 

ECTOPARASITES 

Ectoparasites  are  important  vec¬ 
tors  of  certain  diseases  of  bacterial, 
helminth,  rickettsial,  and  viral  eti¬ 
ology.  Because  such  diseases  may 
cause  die-offs  of  animals  and  because 
some  are  transmissible  to  human 
beings,  it  seems  desirable  to  collect 
and  identify  the  arthropod  parasites 
of  the  common  forms  of  wildlife, 
especially  where  little  or  no  survey 
work  has  been  done. 

Ticks. — The  rabbit  tick,  Haema- 
physalis  leporis-palustris  (Packard), 
is  the  principal  vector  of  tularemia 
among  wild  animals  (Francis,  1937). 
Green  (1939)  reported  that  during 


the  cold  months  of  the  year  when 
ticks  were  in  hibernation,  cotton¬ 
tail  rabbits  in  Minnesota  were  rela¬ 
tively  free  from  tularemia.  Eddy 
(1942)  stated  that  larvae  and 
nymphs  of  II.  leporis-palustris  were 
active  throughout  the  year  in  Okla¬ 
homa.  Portman  (1944)  found  that 
rabbit  ticks  hibernated  during  Janu¬ 
ary  and  February  in  northern  Mis¬ 
souri  but  were  active  throughout  the 
year  in  the  southern  part  of  the 
state.  Yeatter  and  Thompson  (1943) 
reported  that  the  number  of  cases  of 
tularemia  in  human  beings  in  Illi¬ 
nois  tended  to  be  greater  in  years 
when  the  weather  was  warm  at  the 
start  of  the  rabbit  hunting  season 
(November  11  in  recent  years)  than 
when  it  was  cold,  presumably  be¬ 
cause  high  temperature  delayed  the 
hibernation  of  rabbit  ticks. 

Table  1  summarizes  the  records  of 
rabbit  ticks  collected  during  the 
period  of  August,  1947-May,  1948. 
Absence  of  these  ticks  from  the  31 
rabbits  examined  during  November 
through  February  seemed  to  indicate 
that  the  ticks  were  then  in  hiberna¬ 
tion.  Nevertheless,  because  the  num¬ 
ber  of  rabbits  examined  was  small 


Table  1. — Infestation  of  Rabbits  by  Haemaphy salis  leporis- 
palustris  in  Central  Illinois. 


Month 

Number  rabbits 
examined 

Number  rabbits 
infested 

Average  number 
ticks  per  host 

August,  1947 . 

1 

1 

2.0 

September . . . 

8 

6 

71.0 

October . . . 

2 

1 

20.0 

November . . . 

24 

0 

0.0 

December . 

5 

0 

0.0 

January,  1948 . 

1 

0 

0.0 

February . 

1 

0 

0.0 

March . 

2 

1 

27.0 

April . . . 

5 

1 

4.0 

May . 

9 

5 

3.2 
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and  records  for  other  years  were 
lacking,  no  final  conclusion  could 
be  drawn  in  regard  to  hibernation 
dates  of  rabbit  ticks  in  Illinois. 

Recently  developed  therapy  has 
made  tularemia  a  much  less  feared 
disease  than  in  the  past  (Peterson 
and  Parker,  1946 ;  and  Ecke  and 
Ecke,  1948).  The  disease,  however, 
is  still  serious  and  creates  a  sub¬ 
stantial  drain  on  our  economy.  Hu¬ 
man  contact  with  tularemia  should 
be  avoided  whenever  possible.  As 
a  control  measure,  Yeatter  and 
Thompson  (1952)  advised  delay  in 
opening  of  the  rabbit  hunting  sea¬ 
son  in  Illinois,  at  least  in  the  central 
and  southern  counties,  until  early 
December.  In  view  of  the  relatively 
short  duration  of  infection  prior  to 
death  in  rabbits  (7  to  14  days  for 
most  laboratory  infections)  and  the 
probable  hibernation  period  of  ticks 
in  Illinois,  as  suggested  by  this 
study,  it  seems  probable  that  such 
delay  would  reduce  greatly  the 
tularemia  hazard  for  rabbit  hunters. 
The  hunting  season  could  be  extend¬ 
ed  to  February  15  to  compensate 
for  the  late  opening  without  materi¬ 
ally  affecting  the  cottontail  breeding 
season  (Ecke,  1955). 

Two  other  species  of  ticks  were 
found.  On  October  1,  1947,  ten 
Ixodes  dentatus  Marx,  a  true  rabbit 
tick,  were  recovered  from  a  rabbit 
collected  in  Coles  County,  represent¬ 
ing  the  first  record  of  the  species 
from  Illinois.  On  May  5,  1948,  one 
I.  sculptus  Neumann,  a  ground 
squirrel  tick,  was  taken  from  a  rab¬ 
bit  in  Champaign  County. 

Fleas. — The  role  of  rabbit  fleas 
in  the  transmission  of  disease  has 
not  been  investigated  adequately. 
Francis  (1937)  mentioned  fleas  as 


minor  agents  in  the  spread  of 
tularemia  among  rabbits.  Prince 
and  McMahon  (1946)  found  that 
guinea  pigs  remained  negative  for 
tularemia  after  exposure  for  32  days 
to  infected  fleas  of  two  species. 
Green  (1942:  44)  stated,  “Fleas 
are  found  on  rabbits  in  southern 
Minnesota  during  the  winter;  but, 
although  these  insects  can  transmit 
tularemia,  they  appear  to  do  so 
rarely.  ’  ’ 

Live-trapping  of  rabbits  in  Cham¬ 
paign  County  during  the  winter  of 
1947-48  indicated  that  the  intensity 
of  flea  infestations  might  vary  sig¬ 
nificantly  in  different  habitats.  Thus, 
on  one  trapping  area  on  the  South 
Campus  of  the  University  of  Illinois, 
nearly  every  rabbit  of  30  or  more  ex¬ 
amined  during  the  winter  of  1947- 
48  was  heavily  infested  with  fleas; 
on  an  area  of  farmland  less  than  5 
miles  east  of  the  first,  no  fleas  were 
observed  during  the  repeated  han¬ 
dling  of  72  rabbits. 

Of  31  rabbits  examined  from  Au¬ 
gust,  1947,  to  May,  1948,  18  were 
infested  with  fleas,  chiefly  Cediop- 
sylla  simplex  (Baker).  One  rabbit 
collected  on  October  1,  1947,  har¬ 
bored  three  Odontopsyllus  multi- 
spinosus  Baker,  and  another  rabbit 
collected  on  April  1,  1948,  had  a 
single  rat  flea,  N osopsyllus  fasciatus 
(Bose) . 

Chiggers.  —  Several  chiggers, 
Trombicula  wlxartoni  Ewing,  were 
recovered  from  the  ears  of  a  rabbit 
collected  in  November,  1947.  The 
rabbit  is  known  to  be  a  common  win¬ 
ter  host  for  trombiculid  mites  (Ew¬ 
ing,  1929),  and  it  is  probable  that 
more  mites  would  have  been  found 
with  a  more  thorough  search. 

Botflies. — A  rabbit  collected  Sep- 
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tember  13,  1947,  had  a  botfly  larva 
(second  instar),  probably  Cuterebra 
buccata  (Fabricins),  under  the  skin 
in  the  connective  tissue  on  the  inner 
aspect  of  the  left  hind  leg.  The  area 
of  attachment  was  highly  inflamed, 
but  the  irritation  was  local. 

ENDOPARASITES 

Surveys  of  the  endoparasites  of 
cottontail  rabbits  in  the  Midwest  in¬ 
clude  those  of  Morgan  and  AYaller 
(1940)  in  Iowa  and  Erickson  (1947) 
in  Minnesota.  Apparently  no  pre¬ 
vious  records  of  the  endoparasites 
of  Illinois  cottontails  have  been  pub¬ 
lished. 

Helminths.  —  Thirteen  adult  and 
12  juvenile  rabbits  were  examined 
for  helminth  parasites  (Table  2). 
W  hipwor  m  s  ,  Trichuris  leporis 
(Froelich),  were  found  only  in  adult 
rabbits.  Stomach  worms,  Obeles- 
coicles  cuniculi  (Graybill),  rabbit 
tapeworms,  Cittotaenia  sp.,  and  lar¬ 
vae  of  dog  tapeworm,  Taenia  pisi¬ 
formis  (Bloch),  were  found  in  both 
age  groups.  Two  cecal  worms, 
Heterakis  sp.,  were  recovered  from 
an  adult  rabbit. 

Damage  resulting  from  helminth 
parasitism  appeared  to  be  restricted 
chiefly  to  areas  of  attachment. 


Slight  tissue  scarification  observed 
in  some  livers  and  other  organs 
probably  resulted  from  the  migra¬ 
tion  of  T.  pisiformis  larvae.  All  ani¬ 
mals  examined  were  fat  and  ap¬ 
peared  to  be  in  healthy  condition. 

Coccidia.  —  Coccidiosis,  infection 
by  protozoa  of  the  genus  Eimeria ,  is 
a  common  disease  of  domestic  rab¬ 
bits  and  frequently  is  reported  as 
causing  serious  losses  of  young  ani¬ 
mals.  The  importance  of  the  disease 
in  populations  of  wild  rabbits  is 
unknown.  Infections  are  common  to 
all  species  of  native  rabbits  and  at 
least  one  investigator,  Bougliton 
(1932),  concluded  that  Eimeria  was 
capable  of  causing  epizootics. 

From  a  total  of  58  adult  and  post¬ 
nestling  rabbits  examined  during 
this  study,  53  (91.4%)  were  infected 
with  one  to  six  species  of  Eimeria. 
Each  of  the  14  juveniles  and  39 
(88.6%)  of  the  44  adults  had  coc¬ 
cidia.  Only  32  (all  collected  in 
Champaign  County)  of  the  58  rab¬ 
bits  examined  had  fecal  samples 
subjected  to  the  careful  scrutiny  nec¬ 
essary  for  identification  of  the  spe¬ 
cies  of  Eimeria  (Table  3).  Identi¬ 
fication  of  coccidia  was  made  by 
microscopic  examination  of  the  oo¬ 
cysts.  In  the  instance  of  two  forms 


Table  2. — Occurrence  of  Helminth  Parasites  in  25  Rabbits  from  Champaign, 
Coles,  and  Fayette  Counties,  August,  1947-June,  1948. 


Rabbits 

Species  of  parasite 

Obelescoides 

Trichuris 

Taenia 

Cittotaenia 

Heterakis 

Age 

Number 

cuniculi 

leporis 

pisiformis 

sp. 

sp. 

Adult . 

13 

5 (2.2)* 

4(2.5) 

6(1.7) 

3(1.0) 

1(2.0) 

Young . 

12 

3(9.3) 

0  (0.0) 

4(5.8) 

5(1.4) 

0(0.0) 

*  First  figure  is  number  infested  rabbits ;  average  number  parasites  per  infested  rabbit  in  parenthesis. 
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Table  3. — Species  of  Eimeria  from  32  Infested  Rabbits,  Champaign  County, 

November,  1947  to  May,  1948. 


Eimeria 

Date  rabbits 

collected 

environ 

neolejjoris 

sylvilagi 

media 

perforans* 

pintoensis* 

Nov.  30,  1947 . 

99  9)  99 

x 

X 

Feb.  12,  1948 . 

Feb.  13  ”  . 

X 

X 

99  99  99 

X 

99  99  99 

X 

Feb.  15  ”  . 

X 

99  99  99 

X 

99  99  99 

X 

X 

99  99  99 

X 

X 

99  99  99 

X 

X 

99  99  99 

X 

99  99  99 

X 

X 

99  99  99 

X 

99  99  99 

X 

X 

99  99  99 

X 

Feb.  22  ”  . 

X 

9  9  9  9  9  9 

X 

X 

X 

Mar.  G  ”  . 

X 

Mar.  28  ”  . 

X 

X 

x 

April  1 

X 

l9  9  9  9  9  9 

X 

99  99  99 

X 

X 

X 

x 

99  99  99 

X 

X 

99  99  99 

X 

99  99  99 

X 

X 

May  5  ”  . 

X 

>>  >>  }j 

X 

X 

99  99  99 

X 

X 

99  99  99 

X 

X 

99  99  99 

X 

May  10  ”  . 

X 

Total  rabbits 

32 . 

16 

10 

10 

3 

G 

4 

Per  cent  infected. .  .  . 

50.0 

31.3 

31.3 

9.4 

18.8 

12.5 

*  Identified  tentatively  from  unsporulated  oocysts. 


identified  tentatively  as  E.  perfor- 
ans  and  E.  pintoensis,  only  the  un- 
sporulated  oocysts  were  available  for 
study.  Unfortunately,  cultures 
which  contained  these  organisms 
had  been  stored  at  low  temperatures 
which  made  subsequent  sporulation 
impossible. 

During  the  study,  a  single  fatality 


of  a  cottontail  rabbit  was  attributed 
to  coccidiosis.  A  litter  of  six  young 
rabbits  about  13  days  old,  one  of 
three  litters  to  be  reared  in  the  labo¬ 
ratory,  was  removed  from  the  nest 
on  May  3,  1948.  On  the  seventh  day 
of  captivity,  one  of  the  litter  de¬ 
veloped  a  severe  diarrhea  and  during 
the  following  24  hours  lost  weight 
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rapidly  and  became  partially  para¬ 
lyzed.  As  death  was  imminent,  it 
was  sacrificed  and  examination  re¬ 
vealed  the  presence  of  severe  intes¬ 
tinal  coccidiosis.  This  animal  obvi¬ 
ously  had  become  infected  before 
leaving  the  nest.  A  collective  sample 
of  the  droppings  from  the  remain¬ 
ing  litter  mates  indicated  a  mild 
infection  with  E.  environ ,  but  no 
other  young  rabbits  died  from  coc¬ 
cidiosis  during  several  weeks  of  cap¬ 
tivity. 

Further  studies  are  needed  to 
permit  an  appraisal  of  the  impor¬ 
tance  of  coccidiosis  as  a  cause  of 
mortality  among  cottontail  rabbits. 
None  of  the  58  sub-adult  and  adult 
rabbits  collected  for  examination  ap¬ 
peared  to  be  suffering  ill  effects  from 
coccidia,  although  several  were  quite 
heavily  infected.  It  is  possible  that, 
as  appears  true  of  domestic  rabbits, 
cottontail  rabbits  develop  a  toler¬ 
ance  for  coccidia  after  the  first  few 
weeks  of  life.  As  at  least  90%  of 
the  adult  cottontail  rabbits  in  cen¬ 
tral  Illinois  appear  to  be  carriers 
of  the  disease,  the  great  majority  of 


young  rabbits  probably  are  exposed 
to  infection  before  leaving  the  nest. 

Summary 

A  survey  of  the  parasites  of  the 
Mearns  cottontail  rabbit  was  made 
in  central  Illinois  from  August, 
1947,  to  June,  1948.  Fifteen  of  27 
rabbits  examined  during  the  months 
of  March  through  October  were  in¬ 
fested  by  rabbit  ticks,  Haemaphys- 
alis  leporis-palustris.  Rabbit  ticks 
were  not  found  on  any  of  the  31 
rabbits  examined  during  November 
through  February.  The  tick  Ixodes 
dentatus  is  recorded  for  the  first 
time  from  Illinois.  Eighteen  of  31 
rabbits  examined  from  August 
through  May  were  infested  by  fleas, 
chiefly  Cediopsylla  simplex.  Of  25 
rabbits  examined  for  internal  para¬ 
sites,  10  were  parasitized  by  Taenia 
pisiformis,  8  by  Obelescoides  cuni- 
culi,  8  by  Cittotaenia  sp.,  and  4  by 
Trichuris  leporis.  Fifty-three  of  58 
specimens  examined  for  coccidia 
were  infected  with  one  or  more  spe¬ 
cies  of  Eimeria. 
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THE  CONVERSION  OF  SEMICARBAZONE  OF 
«  /?-UN SATURATED  ALDEHYDES  AND  KETONES 
TO  2-PYRAZOLINE-l-CARBOX  AMIDES 

PAUL  D.  KLIMSTRA  AND  E.  L.  HILL 
Augustana  College ,  Rock  Island 


Introduction 

P  vrazoline  - 1  -  carboxamides  have 

•/ 

been  prepared  by  the  reaction  of 
unsaturated  aldehydes  or  ketones 
with  hydrazine  to  form  the  corre¬ 
sponding  pyrazoline,  which  on  treat¬ 
ment  with  potassium  C3^anate  yield¬ 
ed  the  corresponding  pyrazoline-1- 
carboxamides  (Auwers  and  Heimke, 
1927). 

Attempts  to  make  pyrazoline-1- 
carboxamides  through  the  ring  clo¬ 
sure  of  the  semicarbazones  of  <*,  (3- 
unsaturated  aldehydes  and  ketones 
have  failed.  It  is  well  known  that 


hydrazones  and  phenylhydrazones 
of  this  type  do  rearrange  to  form  the 
corresponding  pyrazolines.  How¬ 
ever,  it  appears  that  if  the  basic 
character  of  the  ^-nitrogen  of  the 
hydrazone  is  reduced,  ring  closure 
is  more  difficult  to  accomplish.  If 
a  carbonyl  group  is  substituted  on 
the  /I-nitrogen,  ring  closure  of  the 
hydrazone  to  the  pyrazoline  does 
not  seem  to  take  place.  To  illustrate 
this,  crotonaldehyde  when  treated 
with  hydrazine  readily  forms  the 
hydrazone  and,  in  turn,  the  pyrazo¬ 
line.  However,  when  crotonaldehyde 
is  treated  with  semicarbazide  the 


H  H 

1  1 

H  H 

1  1 

ch3-c=c-c= 

=  0  +  h2n-nh2  _ 

1 

^ch3-c=c-c-h 

| 

H  || 

H 

H  H 

H-N— N 

CH3-C  -  c  -  c 
1  1 

!-H, _ 

t 

I  H 

H-N - > 

H  H 

H  0 

II  H 

|  | 

CH3-C=C-C=  0 

+  H2N-N-C-NK,_, 

>CH;,  -  C=C  -  C  -  H 

1 1 

H 

1 

H  | 

H2N-C-N - N 
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semicarbazone  is  formed  but  does 
not  rearrange  to  the  pyrazoline. 

The  objective  of  the  phase  of  the 
research  covered  by  this  paper  was 
to  investigate  the  possibility  of  ob¬ 
taining  conditions  whereby  the  semi¬ 
carbazone  of  an  /2-unsaturated 
adlehyde  or  ketone  can  be  converted 
to  the  corresponding  pyrazoline-1- 
carboxamide. 

Discussion 

Attempts  to  cause  the  rearrange¬ 
ment  of  crotonaldehyde  semicarba¬ 
zone  were  conducted  by  refluxing  the 
semicarbazone  in  solvents  of  differ¬ 
ent  boiling  points.  A  common  sol¬ 
vent  used  as  a  medium  for  the 
rearrangement  of  the  correspond¬ 
ing  hvdrazone  (or  phenylhydra- 
zone)  is  glacial  acetic  acid,  b.p. 
118.1°C.  At  the  boiling  point  of 
this  solvent  no  measurable  amount 
of  pyrazoline  was  obtained  from  the 
semicarbazone.  It  was  thought  that 
an  increase  in  energy,  supplied  by 
refluxing  in  a  higher  boiling  solvent, 
might  bring  about  the  ring  closure. 
2-ethyl-l-hexanol,  b.p.  183° C.,  and 
ethyl  benzoate,  b.p.  212.5° C.,  were 
used  as  solvents.  While  the  char¬ 
acteristic  pyrazoline  odor  was  in  evi¬ 
dence,  no  measurable  amount  of  the 
pyrazoline  could  be  isolated.  Crotou- 
aldehyde  semicarbazone  was  treated 
in  an  autoclave  for  10  hours  at 
100°  C.  Again  a  very  pronounced 
pyrazoline  odor  was  observed  but 
no  measurable  amount  of  the  prod¬ 
uct  was  formed. 

According  to  Maire  (1908)  the 
semicarbazone  of  /1-chloroethylke- 
tone  will  give  the  pyrazoline-l-car- 
boxamide  when  heated  with  a  10% 
solution  of  sodium  acetate.  The  lit¬ 
erature  does  not  reveal  any  attempts 


to  form  the  chloro-aldehyde  or  ke¬ 
tone  as  an  intermediate  in  the  con¬ 
version  of  an  <*,  /1-unsaturated  alde¬ 
hyde  or  ketone  semicarbazone  to  the 
pyrazoline-l-carboxamide.  Attempts 
have  been  made  during  this  program 
to  do  this:  (1)  by  adding  HCl-gas 
to  the  crotonaldehyde  before  the 
formation  of  the  semicarbazone ;  and 
(2)  by  adding  HCl-gas  to  croton¬ 
aldehyde  semicarbazone.  Procedure 
1  was  successful  in  giving  a  fair 
yield  of  5-methylpyrazoline-l-car- 
boxamide.  Procedure  2  also  gave  the 
product  but  further  investigation  is 
required  to  improve  the  yield  of 
pyrazoline. 

Results 

Pyrazolines  from  Hydrazones 

To  develop  the  techniques  in  the 
laboratory  procedures  used  for  ac¬ 
complishing  the  rearrangement  of 
a,  /Tunsaturated  hydrazones  to  pyra¬ 
zolines,  several  such  reactions  were 
carried  out. 

o-Methyl-2-pyr azoline. — This  com¬ 
pound  was  prepared  using  a 
mole/mole  ratio  of  95%  hydra¬ 
zine  and  crotonaldehyde  in  ab¬ 
solute  ethanol.  The  product 
boils  at  73 °C.  and  55  mm. 

1. 5 -Dimethyl-2-pyr  azoline.  —  This 
compound  was  prepared  using 
a  mole/mole  ratio  of  methyl- 
hydrazine  and  crotonaldehyde 
in  absolute  ethanol.  The  com¬ 
pound  boils  at  124-127 °C.  and 
760  mm. 

Pyrazolines  from  Semicarl) azones 

Crotonaldehyde  Semicarbazone. — 
This  compound  was  made  by  re¬ 
acting  crotonaldehyde  and  semi- 
carbazide-HCl  in  a  mole/mole 
ratio  in  absolute  ethanol  and 
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sodium  acetate.  The  resulting 
crystals  were  recrystallized 
from  25%  ethanol-water  solu¬ 
tion,  m.p.  199°C. 

5-Methyl-  2-pyr  azoline- 1-  carboxa¬ 
mide. — Procedure  1.  Five  grams 
of  HC  1-gas  were  dissolved  in 
10  grams  of  crotonaldehyde  in 
80  ml.  of  glacial  acetic  acid. 
The  /?-chlorobutyraldehyde  was 
treated  with  a  mixture  of  11. 
grams  of  semicarbazide  -  HC1 
and  15  grams  of  sodium  acetate. 
The  /Lchlorbutyraldehyde  semi¬ 
carbazone  was  treated  with  an 
additional  11  grams  of  sodium 
acetate  to  remove  the  HC1 
formed  during  ring  closure.  The 
resulting  solution  was  heated  on 
a  steam  bath,  then  cooled,  and 
the  product  extracted  with 
ether.  The  5  -  methyl  -  2  -  pyra- 
zoline-1 -carboxamide  melted  at 
165-168°  (Auwers  and  Heimke, 
1927). 

Procedure  2. — Two  grams  of  HC1- 
gas  were  dissolved  in  a  solution 
of  four  grams  of  crotonaldehyde 
semicarbazone  in  absolute  etha¬ 
nol.  The  exothermic  reaction 
was  controlled  by  cooling.  To 
this  solution  was  added  2.5 
grams  of  sodium  acetate ;  the 
mixture  was  heated  on  a  steam 


bath  for  one  hour.  The  salts 
were  precipitated  by  adding 
ether  to  the  solution.  The  etlier- 
aleohol  solution  was  reduced  in 
volume  and  a  small  quantity  of 
precipitate  was  isolated  which 
melted  at  165-167 °C.  This  was 
identical  with  the  5-methyl-2- 
pyrazoline  -  1  -  carboxamide 
formed  in  Procedure  1. 

Conclusions 

1.  5-Methyl  -  2  -  pyrazoline  - 1  -  car  - 
boxamide  could  not  be  obtained  from 
crotonaldehyde  semicarbazone  by 
the  usual  methods  employed  to  con¬ 
vert  «,  /Lunsaturated  aldehyde  or 
ketone  hydrazones  or  phenylhydra- 
zones  to  the  corresponding  pyrazo- 
lines. 

2.  5  -  Methyl  -  2  -  pyrazoline  - 1  -  car¬ 
boxamide  can  be  obtained  by  addi¬ 
tion  of  HC  1-gas  to  crotonaldehyde 
semicarbazone  followed  by  treat¬ 
ment  with  sodium  acetate  and  heat. 
Further  investigation  of  this  reac¬ 
tion  should  be  carried  out  to  im¬ 
prove  the  yield  of  the  pyrazoline. 
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CONDUCTIVITY  OF  ANILINE-NITROBENZENE 

MIXTURES 

I.  SELLERS,  T.  SULZBACH,  AND  G.  THIESSEN 
Monmouth  College,  Monmouth 


Introduction 

Nitrobenzene  might  conceivably 
accept  protons  from  aniline  because 
unshared  electron  pairs  on  oxygen 
could  hold  the  protons.  The  result¬ 
ing  ionized  system  should  be  more 
conductive  to  electricity  than  the 
components.  The  increase  should  be 
demonstrable  by  a  sufficiently  sensi¬ 
tive  measuring  device. 

Such  a  device  exists  in  the  ar¬ 
rangement  often  used  for  measur¬ 
ing  the  high  resistance  of  the  in¬ 
sulating  sheath  put  around  electrical 
cable.  The  circuit  and  manipula¬ 
tion  are  fully  described  in  many 
laboratory  manuals  of  electrical 


Fig.  1.— The  equipment:  G.  ballistic 
galvanometer;  R ,  damping  resistance; 
K,  double-contact,  high-insulation  key; 
8,  double-pole,  double-throw,  short-throw 
switch;  C,  precision  condenser;  B,  work¬ 
ing  battery;  H,  conductivity  cell;  a,  b, 
charge  and  discharge  positions,  respec¬ 
tively,  of  S. 


measurement  (Smith,  1948).  The 
essential  apparatus  is  shown  in  Fig¬ 
ure  1.  The  H-cell  containing  the 
organic  liquid  under  study  replaces 
the  cable  in  the  original  circuit. 

A  charge  from  the  battery  of  fixed 
voltage  is  allowed  to  leak  through 
the  unknown  resistance  for  a  meas¬ 
ured  time  and  into  a  standard  con¬ 
denser.  The  condenser  is  then  dis¬ 
charged  through  a  ballistic  galvano¬ 
meter,  and  the  deflection  is  noted. 
A  similar  observation  is  also  made 
with  the  unknown  resistance  by¬ 
passed,  so  that  the  condenser  be¬ 
comes  charged  to  the  full  potential 
difference  of  the  battery.  The  un¬ 
known  resistance  can  be  calculated 
from  the  time,  capacity,  and  deflec¬ 
tions.  For  the  present  purpose  the 
equation  is  solved  for  the  reciprocal 
of  the  resistance,  which  is  the  con¬ 
ductivity.  Thus  arranged,  it  is 

1  C  00 

—  =  1  =  -  loge - - - 

r  t  e0  —  0 

where  r  is  the  high  resistance  being 

measured,  l  is  the  conductivity  cor¬ 

responding,  c  the  capacitance  of  the 
condenser,  t  the  time  of  charge,  B 
the  deflection  after  the  slow  charge, 
and  Bo  the  deflection  after  the  rapid 
charge.  The  respective  units  are 
ohms,  farads,  seconds,  and  arbitrary 
scale  divisions.  The  prime  stand¬ 
ards  are  the  calibrated  condenser 
and  the  timer. 
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The  specific  conductivity  L  is  cal¬ 
culated  from  the  observed  conduc¬ 
tivity  l ,  and  the  cross-sectional  area 
and  length  of  the  conducting  path 
in  the  H-cell  containing  the  organic 
liquid.  If  A  be  the  cross-sectional 
area  in  square  centimeters  and  d  the 
length  in  centimeters, 

A  d 

1  =  L  —  or  1  —  =  L 
d  A 

This  equation  expresses  the  fact  that 
conductivity  increases  with  increas¬ 
ing  area  of  path,  and  that  it  de¬ 
creases  with  increasing  length.  L, 
which  is  the  specific  conductivity, 

d 

would  equal  l  if  the  factor  —  were 

A 

d 

equal  to  unity.  The  factor  —  is 

A 

the  cell  constant.  By  combining  the 
above  two  equations  and  passing  to 
common  logarithms,  the  final  full 
working  equation  of  the  experiment 
is  assembled,  thus : 


The  first  equation  is  derived  by  ref¬ 
erence  to  Figure  2.  The  circuit  there 
shown  contains  a  steady  voltage  v 
in  series  with  a  resistance  of  r  ohms 
and  a  capacitance  of  c  farads.  At 
any  instant,  t  seconds  after  closing 
the  circuit,  a  current  of  i  amperes  is 
flowing,  and  a  charge  of  q  coulombs 
has  accumulated  upon  the  condenser. 
By  Kirchoff ’s  second  law  of  circuits, 

q  dq  q 

v  =  ri  -f - ;  or  v  =  r - ■ — 

c  dt  c 

since  the  current  is  the  rate  of 
change  of  charge.  The  charge  is 
increasing  and  the  current  decreas¬ 
ing,  both  at  diminishing  rates ;  the 
process  continues  for  an  infinite 
time.  Separating  variables  and  inte¬ 
grating  yields  an  equation  contain¬ 
ing  a  constant  of  integration.  The 
constant  of  integration  can  be  evalu¬ 
ated  by  substitution  of  initial  con¬ 
ditions  (q  is  zero  when  t  is  zero). 
Full  details  can  be  found  in  the 
manual  already  cited. 

Experimental 


dc  0o 

L  =  2.30  -  log10  - 

At  Go  —  0 


r 


1 

V 


- N 

c 


r 

- AWV - ' 

Fig.  2. — Circuit  elements  for  deriva¬ 
tion:  V,  voltage;  C,  capacitance;  r,  re¬ 
sistance. 


The  working  equipment  consisted 
of  a  Leeds  and  Northrup  standard 
condenser,  of  0.500-mfd.  capacity, 
stated  by  the  maker  to  be  accurate 
to  0.25% ;  a  Leeds  and  Northrup 
ballistic  galvanometer  of  2000-ohms 
resistance  and  26-second  period,  and 
a  rated  sensitivity  of  2  x  10-9 
coulombs  per  scale  division;  a  high- 
insulation  contact  key ;  a  liigh-insul- 
ation  short-throw  double  pole,  double 
throw  switch ;  a  dry  cell ;  a  10,000- 
ohm  damping  resistance ;  the  H-cells, 
with  platinum  electrodes  and  sam¬ 
ples  of  cross-tubing;  rods  to  slip-fit 
inside  the  cross-tubing  samples;  mi- 
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crometer  calipers;  and  electrical 
laboratory  timer  capable  of  being 
read  to  0.1  second;  an  improvised 
air  thermostat ;  and  the  necessary 
chemicals,  together  with  the  means 
of  purifying  and  preserving  them. 

The  manipulation  was  as  already 
outlined.  The  time  of  charge  was 
2.00  minutes.  The  cross-sectional 
area  of  each  H-cell’s  horizontal  limb 
was  determined  from  the  diameter  of 
the  slip-fit  rod  accompanying  the 
cross-tube  sample.  The  length  be¬ 
tween  the  electrodes  was  determined 
by  simple  sighting  on  a  centimeter 
ruler.  One  cell  had  a  constant  of 
294,  the  other  90  9.  The  arbitrarily- 
chosen  temperature  of  measurement 
was  31.7  d=  0.3°  C.  The  discharge 
was  made  to  occur  as  soon  as  possible 
after  termination  of  the  period  of 
charge,  to  minimize  leakage  of  elec¬ 
tricity  from  the  condenser.  The  key 
was  held  down  until  the  maximum 
deflection  had  passed  and  was  then 
released.  The  release  short-circuited 


the  galvanometer  through  its  pre¬ 
scribed  critical  damping  resistance, 
thus  bringing  the  galvanometer 
movement  to  rest  in  the  minimum 
time. 

The  nitrobenzene  and  the  aniline 
were  repeatedly  vacuum  -  distilled 
from  “ technical  grade”  stock.  Only 
the  material  boiling  within  a  re¬ 
stricted  range  was  kept.  The  com¬ 
ponents  were  stored  in  open  beakers 
kept  in  separate  desiccators.  These 
desiccators  were  charged  with  cal¬ 
cium  chloride  and  were  filled  with 
natural  gas.  When  material  had  to 
be  stored  more  than  a  few  days  be¬ 
fore  use,  it  was  redistilled.  Both 
components  had  pale  yellow  colors, 
nearly  alike.  The  mixtures  had 
orange-brown  colors. 

Specific  conductivities  were  deter¬ 
mined  by  the  above-outlined  process 
for  a  series  of  mixtures  of  nitro¬ 
benzene  and  aniline.  The  two  avail¬ 
able  Id-cells  were  used  in  irregular 
alternation.  The  production  of  a 


Fig.  3. — Conductivity  of  aniline-nitrobenzene  system. 


Conductivity  of  Aniline-Nitrobenzene 
Table  1. — Conductivities  of  the  Aniline-Nitrobenzene  System. 
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Mole  % 
aniline 

0o  =  20.8 

0 

deflection 

d 

A 

cell  constant 

K  x  10s 

specific  conduc¬ 
tivity  x  10* 

0.0 

3.05 

294 

6.24 

24.8 

8.35 

294 

9.08 

27.4 

16.43 

90.9 

18.53 

43.0 

8.84 

294 

20.4 

53.3 

17.92 

90.9 

23.6 

61.8 

18.52 

90.9 

26.4 

62.8 

17.48 

90.9 

21.8 

66.7 

11.75 

294 

32.8 

81.9 

16.87 

90.9 

19.40 

100.0 

4.22 

90.9 

2.66 

fairly  smooth  curve  in  spite  of  this 
is  considered  to  be  a  check  on  the 
correctness  of  the  theory.  The  re¬ 
sults  are  summarized  in  Table  1,  and 
are  represented  graphically  in  Fig¬ 
ure  3. 

Summary 

Because  the  maximum  conductivi¬ 
ty  is  achieved  at  about  0.67  mole 
percent  of  aniline  in  nitrobenzene, 
each  of  two  molecules  of  aniline  are 
considered  to  give  one  proton  to  a 
molecule  of  nitrobenzene.  Unshared 
electron  pairs  on  the  oxygen  atoms 


of  the  latter  compound  are  assumed 
to  be  the  means  of  proton  acceptance. 
The  color  change  observed  on  mix¬ 
ing  the  components  is  taken  to  sup¬ 
port  the  idea  of  ionic  compound  for¬ 
mation. 

Acknowledgment 

Provision  of  most  of  the  apparatus 
for  this  study  by  the  Research  Cor¬ 
poration  is  hereby  acknowledged. 

Literature  Cited 

Smith,  A.  1948.  Electrical  measure¬ 
ments  in  theory  and  application. 
Macmillan  Co.,  New  York,  pp.  57-61. 


Illinois  Academy  of  Science  Transactions,  Vol.  48,  1956 


THE  CLAY  MINERALOGY  OF  THE  BLUE  BAND  OF 
THE  NO.  6  COAL  OF  ILLINOIS 

WARREN  C.  WOLTMAN 

University  of  Illinois,  Ur  band 


Introduction 

The  Blue  Band  is  a  prominent 
clay  parting*  occurring  almost  uni¬ 
versally  in  the  No.  6  coal  of  Illinois, 
Kentucky,  and  possibly  Indiana.  In 
the  samples  studied  it  has  an  aver¬ 
age  thickness  of  3  inches  and  lies 
generally  about  36  inches  above  the 
base  of  the  coal,  regardless  of  re¬ 
gional  variation  of  coal  thickness. 

The  Blue  Band’s  unusually  wide¬ 
spread  occurrence  and  particular 
stratigraphic  location  render  its 
mode  of  origin  an  interesting,  un¬ 
solved  problem.  A  clay-minerals 
study  of  the  Blue  Band,  utilizing 
X-ray  diffraction  techniques,  was 
undertaken  with  the  hope  that  it 
might  aid  in  resolving  the  Blue 
Band’s  genesis. 

Sampling 

The  Illinois  State  Geological  Sur¬ 
vey  supplied  nine  well-core  samples 
and  one  outcrop  sample  for  the 
study.  The  sample  localities  form 
an  arc  300  miles  long  from  Stark  to 
Gallatin  counties  (Fig.  1). 

The  samples  varied  little  in  thick¬ 
ness,  three  inches  being  the  average. 
Stringers  of  coal  were  incorporated 
in  the  clay  with  sharp  contacts  be¬ 
tween  the  clay  and  coal.  The  amount 
of  clay  varied  considerably  and  in 
an  inversely  proportional  manner 
with  the  organic  material.  The  color 
was  uniformly  gray. 


Fig.  1. — Locations  from  which  samples 
were  taken. 


Analytical  Procedures 

The  samples  were  fractionated  to 
the  less -than -one -micron  particle 
size  with  sodium  polyphosphate  used 
as  a  dispersing  agent.  The  selected 
material  was  suspended  in  water  and 
sedimented  on  glass  microscope 
slides.  For  each  sample  two  similar- 


[  222  1 


Clay  Mineralogy  of  Blue  Band 


223 


ly  oriented  slides,  each  requiring 
three  milliliters  of  suspension,  were 
prepared. 

X-ray  analyses  were  made  on  an 
untreated  slide,  after  heating  to 
450°C,  after  soaking  at  550° C  for 
30  minutes,  and  after  treatment  with 
ethylene  glycol. 

Johns,  Grim,  and  Bradley’s 
(1954)  method  of  analysis  was  used 
for  interpreting  the  diffraction 
curves. 

Clay  Mineralogy 

Kaolinite,  chlorite,  and  illite  are 
present  in  varying  quantities  in  all 
samples.  An  asymmetrical  10  a.u. 
reflection  and  a  diffuse  reflection  be¬ 
tween  10  and  16  a.u.  after  glycol 
treatment  suggest  that  chlorite, 
montmorillonite,  and/or  vermiculite 
are  interlay  ered  with  the  illite. 
Heating  to  450 °C  and  550 °C  results 
in  a  sharpening  of  the  10  a.u.  re¬ 
flection  as  the  expanded  layers  col¬ 
lapse. 

The  presence  of  chlorite  is  con¬ 
firmed  by  reflections  at  14,  7,  and 
3.5  a.u.  Upon  ignition  to  450° C  the 
14  a.u.  reflection  is  lost,  and  the  7 
and  3.5  a.u.  reflections  are  some¬ 
what  intensified. 

Since  the  chlorite  material  is 
broken  down  by  the  heating,  the  re¬ 
maining  reflections  must  come  from 
kaolinite,  the  (001)  and  (002)  reflec¬ 
tions  of  which  coincide  with  chlo¬ 
rite’s  7  and  3.5  a.u.  reflections. 

Accurate  quantitative  differentia¬ 
tion  between  chlorite  and  kaolinite 
is  impossible  because  of  the  increase 
in  intensity  in  the  7  and  3.5  a.u. 
reflections  following  the  chlorite 
breakdown.  However,  kaolinite  oc¬ 
curs  in  probably  greater  amounts 
than  chlorite. 


Illite  is  present  in  quantities 
ranging  from  20  to  55  %,  averaging 
35  %  of  the  total  clay  minerals. 
Taken  jointly  chlorite  and  kaolinite 
vary  from  45  to  80  %  and  approxi¬ 
mate  65  %. 

Clay  mineral  variation  is  not  gov¬ 
erned  by  geographical  distribution. 

Conclusions 

The  clay  mineral  assemblage  gives 
no  critical  indication  of  the  Blue 
Band’s  mode  of  origin.  Altered  vol¬ 
canic  ash  is  usually  characterized  by 
montmorillonitic  material.  With  its 
low  montmorillonite  content,  the 
Blue  Band’s  assemblage  tends  to 
discredit  the  theory  of  origin  by  vol¬ 
canic  ash  fall. 

However,  it  is  conceivable  that, 
because  of  the  extremely  acid  en¬ 
vironment  in  which  the  Blue  Band 
must  have  been  deposited,  volcanic 
ash  might  not  alter  to  the  expected 
montmorillonite  value. 

Petrographic  and  heavy  minerals 
studies  should  be  of  great  profit  in 
the  final  determination  of  the 
genesis. 
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MEMORIALS 


LEO  ROY  TEHON 

1895—1954 


When  Dr.  Leo  Roy  Tehon  died 
suddenly  and  unexpectedly  on  Oc¬ 
tober  17,  1954,  the  Illinois  State 
Academy  of  Science  lost  one  of  its 
most  loyal  and  tireless  leaders.  Presi¬ 
dent  in  1946-47  and  Secretary  for 
three  terms,  1943-46,  Dr.  Tehon  was 
for  many  years  active  on  various 
Academy  committees. 

Born  in  Dumont,  South  Dakota, 
June  21,  1895,  Leo  Tehon  early  knew 
the  life  of  the  rugged  AVest.  His 
father  was  a  native  of  Ireland  and 
a  pioneer  railroader.  His  mother, 
a  Whittier,  was  a  distant  relative  of 
the  New  England  poet  of  that  name. 


Deadwood,  South  Dakota,  and  Sheri¬ 
dan,  Wyoming,  are  pioneer  place 
names  associated  with  Leo’s  early 
schooling. 

The  untimely  death  of  his  father 
threw  Leo  on  his  own  resources  for 
most  of  his  education.  In  1916,  he 
was  graduated  from  the  University 
of  Wyoming,  after  short  periods  at 
Fremont  (Nebraska)  Normal  School 
and  Gregg  School,  Chicago.  Follow¬ 
ing  service  in  the  United  States 
Army  in  1918-19,  he  received  his 
Master’s  Degree  from  the  University 
of  Illinois  in  1920,  his  Doctor  of 
Philosophy  Degree  in  1934.  His 
principal  fields  of  interest  then,  as 
later,  were  in  mycology,  plant  dis¬ 
eases,  and  the  flora  of  Illinois.  His 
scholarship  was  recognized  by  both 
Phi  Beta  Kappa  and  Sigma  Xi  hon¬ 
orary  fraternities. 

He  was  married  in  1918  to  Mary 
Viola  Bruner,  who  died  in  1953.  A 
son,  a  daughter,  his  mother,  and  his 
mother’s  mother  survive  him. 

Most  of  Dr.  Tehon ’s  professional 
life  was  spent  with  the  Illinois  Nat¬ 
ural  History  Survey  on  the  Univer¬ 
sity  of  Illinois  campus,  Urbana.  He 
was  named  to  the  staff  in  1921  to 
direct  research  in  botany  and  plant 
diseases.  AVhen  the  Survey’s  Sec¬ 
tion  of  Applied  Botany  and  Plant 
Pathology  was  organized  in  1935  he 
became  head  of  this  group.  From 
early  December,  1945,  to  the  end  of 
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February,  1947,  he  was  Acting  Chief 
of  the  Survey.  In  1947,  he  was 
named  Professor  of  Plant  Pathology 
in  the  Graduate  College,  University 
of  Illinois;  duties  of  this  appoint¬ 
ment  he  carried  on  simultaneously 
with  his  duties  at  the  Natural  His¬ 
tory  Survey. 

He  was  the  author  or  co-author 
of  more  than  100  papers  relating 
to  botany  or  plant  pathology.  Per¬ 
haps  best  known  are  “The  Native 
and  Naturalized  Trees  of  Illinois,” 
“Fieldbook  of  Native  Illinois 
Shrubs,”  “The  Drug  Plants  of  Illi¬ 
nois,”  and  “Pleasure  With  Plants.” 

He  was  a  charter  member  of  the 
Mycological  Society  of  America,  a 
Fellow  of  the  American  Association 
for  the  Advancement  of  Science,  and 
a  member  of  most  other  scientific 
societies  in  his  field.  He  was  Vice- 
President  in  1953,  and  President  in 
1954,  of  the  Midwestern  Chapter  of 
the  National  Shade  Tree  Conference. 

Dr.  Telion ’s  own  research  was 
characterized  by  challenging  imagi¬ 
nation  and  meticulous  attention  to 
detail.  A  tireless  worker,  he  spent 
many  lonely  evenings  in  his  office 
or  laboratory. 

In  directing  the  research  of  other 
scientists,  he  displayed  unusual  in¬ 
sight  in  the  conception  of  problems 
and  in  the  interpretation  of  results. 
He  was  impatient  with  anything  less 
than  the  highest  standards  of  think¬ 
ing  and  performance,  either  in  him¬ 
self  or  in  others. 

Illinois  Academy  of  Science  com¬ 
mittees  on  which,  at  one  time  or 


09V 

LJLJfJ 

another,  he  served  with  character¬ 
istic  energy  and  quiet  enthusiasm 
include  those  on  the  Budget,  Legis¬ 
lation  and  Finance,  Publications, 
Research  Development  Projects, 
Sustaining  Memberships,  and  Sci¬ 
ence  Talent  Search.  For  three  years, 
he  was  a  member  of  the  Publications 
Committee  of  the  Transactions.  At 
the  time  of  his  death  he  was  Chair¬ 
man  of  the  Junior  Academy  Ad¬ 
visory  and  Scholarship  Committee. 

The  character  and  diversity  of  his 
Academy  duties,  and  the  distinction 
with  which  he  served,  are  indicative 
of  his  broad  interests,  his  compre¬ 
hensive  abilities,  and  his  loyalty  to 
the  ideals  and  causes  he  valued. 

Public  spirited  and  active  in  com¬ 
munity  affairs,  Leo  Telion  placed  a 
major  accent  on  youth.  At  various 
times  he  was  a  scout  master,  member 
and  president  of  the  local  area  coun¬ 
cil  of  the  Boy  Scouts  of  America, 
and  chairman  of  the  faculty  advisory 
committee  of  the  APO  (a  fraternity 
of  ex-Boy  Scouts  of  college  age)  at 
the  University  of  Illinois.  For  his 
work  with  the  scouts,  he  was  award¬ 
ed  the  Silver  Beaver  and  inducted 
into  the  Order  of  the  Arrow. 

A  student  of  languages,  an  ama¬ 
teur  violinist,  a  leisure-time  histo¬ 
rian  of  the  pioneer  West,  as  well 
as  a  professional  botanist,  Leo  Telion 
was  a  scholar  who  valued  scholarship 
for  its  own  sake  and  for  its  actual 
and  potential  contributions  to  hu¬ 
man  happiness. 

- — James  S.  Avars. 
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FRANK  C.  GATES 

1887—1955 


Frank  Caleb  Gates  was  a  son  of 
a  physician  and  was  born  in  Chicago, 
Illinois,  September  12,  1887 ;  he  died 
suddenly  at  Manhattan,  Kansas,  on 
March  21,  1955.  He  was  a  charter 
member  of  the  Illinois  State  Acade¬ 
my  of  Science,  having  joined  the 
Society  while  he  was  a  student  at 
the  University  of  Illinois  at  Urbana. 

Some  years  later  he  became  a  life 
»/ 

member. 

Dr.  Gates  had  a  broad  interest 
in  biology  from  his  early  years.  His 
interest  in  botany  and  in  ornithology 
was  stimulated  by  Dr.  H.  S.  Pepoon 
at  the  Lake  View  High  School  in 
Chicago,  and  for  35  years  he  kept 
a  record  of  the  birds  seen  in  his 
yard  at  Manhattan,  Kansas.  He 
made  extensive  notes  on  their  feed¬ 
ing  and  nesting  habits.  Another 


hobby  was  photography,  developed 
as  an  adjunct  to  his  professional 
career,  which  resulted  in  over  10,000 
photographs,  principally  of  botanical 
subjects. 

Dr.  Gates  was  graduated  from 
Lake  View  High  School  in  1906,  re¬ 
ceived  his  Batchelor  of  Arts  Degree 
from  the  University  of  Illinois  in 
1910,  and  his  Doctor  of  Philosophy 
Degree  from  the  University  of 
Michigan  in  1912.  He  was  botany 
instructor  at  the  University  of  the 
Philippines  from  1912  to  1915,  and 
professor  of  biology  at  Carthage 
College,  Carthage,  Illinois,  from 
1916  to  1918. 

He  served  during  the  First  World 
War  as  a  Lieutenant  in  the  Sanitary 
Corps  and  joined  the  staff  of  Kansas 
State  College  as  an  assistant  pro¬ 
fessor  in  1919.  He  became  profes¬ 
sor  of  plant  taxonomy  and  ecology 
in  1928  and  served  as  plant  taxono¬ 
mist  and  ecologist  of  the  Agricul¬ 
tural  Experiment  Station.  He  was 
in  charge  of  the  Kansas  State  Col¬ 
lege  Herbarium.  Since  1915  he  also 
had  been  a  member  of  the  staff  of 
the  University  of  Michigan  Biologi¬ 
cal  Station  at  Douglas  Lake,  Michi¬ 
gan. 

Dr.  Gates’  research  interests  were 
chiefly  in  the  field  of  plant  ecology, 
but  he  also  contributed  much  in 
taxonomy  and  floristics.  He  was 
known  for  his  vegetation  studies  in 
the  central  Philippines,  Illinois, 
Michigan,  and  Kansas.  Perhaps  his 
best  known  work  is  his  “  Field  Man¬ 
ual  of  Plant  Ecology,”  published 
in  1949  and  based  on  the  summer 
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course  which  lie  taught  at  the  Michi¬ 
gan  Biological  Station. 

Among  his  best  known  articles 
dealing  with  the  vegetation  of  Illi¬ 
nois  are :  A  bog  in  Central  Illinois ; 
The  vegetation  of  the  beach  area 
in  Northeastern  Illinois  and  South¬ 
eastern  Wisconsin;  Contributions  to 
the  flora  of  Cass  County,  Illinois; 
and,  Contributions  to  the  flora  of 
Hancock  County,  Illinois. 

7 

He  was  a  member  of  the  Ecologi¬ 
cal  Society  of  America  and  served 
as  president  in  1951-52.  He  was 
also  a  member  of  the  American  As¬ 
sociation  for  the  Advancement  of 
Science,  the  Botanical  Society  of 
America,  the  Society  of  Plant  Tax¬ 


onomists,  and  the  state  academies 
of  Illinois,  Kansas,  and  Michigan. 

Students,  of  whom  Dr.  Gates 
taught  many  over  a  period  of  forty- 
three  years,  found  him  to  be  an  ex- 
cellent  teacher.  He  demanded  care¬ 
ful  observation  and  insisted  that  all 
reports  be  written  as  if  for  publica¬ 
tion  in  a  reputable  scientific  journal. 
He  was  an  independent  worker  and 
thinker  himself  and  tried  to  develop 
the  same  qualities  in  his  students. 

Dr.  Gates  is  survived  by  his  wife, 
Margaret  M.  Thompson,  by  a  son, 
Dr.  David  Murray  at  the  University 
of  Denver,  Colorado,  and  by  a 
daughter,  Margaret,  of  Maryville, 
Missouri.  — George  D.  Puller. 


CLARENCE  LEE  FURROW 


1896—1955 


Clarence  Lee  Furrow  passed  away 
suddenly  on  March  6,  1955,  in  the 
midst  of  his  academic  activities. 


Born  in  Grand  Junction,  Iowa,  he 
early  moved  to  Oklahoma  and  took 
much  of  his  training  in  that  state. 
He  first  attended  Oklahoma  Baptist 
University,  later  transferring  to  the 
University  of  Oklahoma  where  he 
received  his  Batchelor  and  Master 
of  Arts  Degrees  in  the  field  of  zoolo¬ 
gy.  His  academic  studies  were  in¬ 
terrupted  by  a  brief  period  as  a  liigh- 
school  teacher,  but  soon  he  returned 
to  college  work.  Graduate  work  was 
taken  at  Princeton  University,  the 
University  of  Illinois,  and,  after 
many  interruptions,  he  earned  his 
doctorate  at  the  University  of  Iowa 
(1933).  His  college  teaching  began 
at  the  University  of  Kansas  and  was 
completed  at  Knox  College  where 
he  served  from  1926  until  the  time 
of  his  passing.  In  his  last  year  he 
had  served  as  Chairman  of  the  Bi¬ 
ology  Department  at  Knox  College. 
Early  interest  in  the  educational 
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aspects  of  biology,  rather  than  in  the 
field  of  research,  led  to  many  years 
as  an  outstanding  teacher  of  under¬ 
graduates,  and  for  nearly  ten  years 
caused  him  to  serve  as  a  member  of 
tiie  Liberal  Arts  Committee  of  the 
North  Central  Association  of  Schools 
and  Colleges,  and  the  last  few  years 
as  Director  of  Studies  for  that 
group.  This  work  led  to  summer 
teaching,  first  at  the  Nebraska  State 
Teachers  College  and  later  in  the 
Summer  Work  Shops  of  the  Univer¬ 
sity  of  Minnesota  and  of  the  Uni- 
versity  of  Chicago,  where  lie  estab¬ 
lished  an  enviable  reputation  as  a 
leader  in  the  field  of  Science  Educa¬ 
tion.  Feeling  that  this  service  was 
taking  him  away  from  his  real  job 
as  a  teacher  of  undergraduates,  he 
gave  up  this  outside  activity  in  1954 
and  devoted  himself  to  putting  into 
effect  the  fruits  of  his  long  experi¬ 
ence  in  his  own  department  at  Knox. 
During  all  his  29  years  at  Knox  he 
had  served  as  Pre-Professional  Ad¬ 
visor  for  the  Biological  Sciences  and 
had  helped  many  students  into  suc¬ 
cessful  selection  of  professions  for 
which  he  had  so  thoroughly  pre¬ 
pared  them  as  undergraduates.  In 
addition  to  his  professional  activi¬ 
ties,  Dr.  Furrow  had  developed  an 
abiding  interest  in  the  Illinois  State 
Academy  of  Science  and  had  served 
as  an  active  member  on  nearly  all 
of  its  important  committees,  as  a 
member  of  its  Council,  and  one  term 
as  President.  The  breadth  of  his 
interests  can  also  be  judged  by  the 
memberships  he  held  in  professional 
organizations.  Besides  membership 
in  the  State  Academy,  lie  belonged 


to  the  American  Microscopical  So- 
ciety,  the  American  Societv  of  Zoolo- 
gists,  the  Association  of  Biology 
Teachers,  Beta  Beta  Beta  (where  he 
had  served  as  Regional  Vice-presi- 
dent ) ,  and  the  American  Association 
of  University  Professors.  On  the 
basis  of  his  earlv  scientific  work  he 
had  been  elected  to  Sigma  Xi,  and 
recently  had  joined  RESA.  Dr. 
Furrow  was  also  a  Fellow  of  the 
American  Association  for  the  Ad¬ 
vancement  of  Science.  On  the  cam¬ 
pus  Dr.  Furrow  had  been  equally 
active  and  had  served  efficiently  on 
many  standing  committees  of  the 
faculty,  in  addition  to  many  special 
committees.  In  spite  of  these  many 
and  varied  activities,  he  could  al¬ 
ways  find  time  for  his  students,  and 
he  served  them  both  in  and  out  of 
the  fields  of  their  college  interests. 
His  advice  was  as  often  directed  to 
personal  problems  as  it  was  along 
academic  lines. 

With  his  passing,  Knox  College 
has  added  one  more  name  to  its  long 
list  of  devoted  teachers  whose  mem¬ 
ory  will  continue  long  after  the  pass¬ 
ing  of  those  whom  he  served  directly. 
In  addition,  the  State  of  Illinois  has 
lost  a  real  leader  in  biological  edu¬ 
cation  and  the  North  Central  area 
a  true  servant.  He  can  not  be  re¬ 
placed,  but  in  the  spots  he  had  served 
are  great  opportunities  for  others 
to  build  on  firm  foundations. 

Dr.  Furrow  leaves  a  wife  and  two 
children  as  well  as  a  wide  circle  of 
colleagues  to  regret  his  passing  and 
to  rejoice  in  the  realization  that  they 
had  known  a  real  leader. 

—A.  C.  Walton. 
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Memorials 

EVELYN  I.  FERNALD 

1889—1955 


Evelyn  I.  Fernald  was  born  at 
East  Boston,  Massachusetts,  on 
March  22,  1889.  After  a  short  ill¬ 
ness,  she  died  on  March  17,  1955, 
at  the  home  of  her  brother,  Ronald, 
in  San  Leandro,  California. 

She  was  graduated  from  Vassar 
College  with  a  Batchelor  of  Arts 
Degree  in  1912.  After  teaching  in 
high  schools  in  her  native  state  and 
in  the  State  Normal  School  at  Fram¬ 
ingham,  Massachusetts,  she  entered 
Cornell  University  where  she  became 
an  instructor  in  Botany  and  where 
she  obtained  her  Doctor  of  Philoso¬ 
phy  Degree  in  1924. 

In  the  same  year  she  joined  the 
staff  of  Rockford  College  as  Assist¬ 
ant  Professor  of  Botany,  and  in  1935 
she  became  Professor  of  Botany  on 
the  Theodore  Buckbee  Foundation, 


the  chair  which  she  occupied  until 
June,  1954,  when  she  retired. 

Dr.  Fernald  was  a  successful 
teacher,  not  only  in  the  classroom 
and  laboratory,  but  in  the  fields  and 

t/  7 

forests  of  Winnebago  and  Ogle 
counties  where  she  took  her  students 
on  frequent  field  trips  to  collect 
plants  for  laboratory  studies.  Many 
of  these  collections  were  stored  in 
the  College  Herbarium,  especially 
when  she  directed  a  W.P.A.  project 
that  was  sponsored  by  the  Rockford 
Natural  History  Museum,  Rockford 
College,  and  the  Illinois  State  Mu¬ 
seum,  1938-40.  At  that  time  she 
published  a  ‘  ‘  Preliminary  check  list 
of  the  herbaceous  plants  of  Winne¬ 
bago  County,  Illinois,”  and  she 
spent  many  of  her  last  days  at  Rock¬ 
ford  College  organizing  the  College 
Herbarium,  which  is  one  of  the  best 
of  its  kind.  It  contains  many  of  the 
plants  collected  in  Ogle  and  Winne¬ 
bago  counties  by  the  celebrated  bot¬ 
anist,  Michael  S.  Bebb,  who  was  in¬ 
ternationally  known  as  a  specialist 
on  willows. 

Dr.  Fernald  was  a  member  of  the 

Protestant  Episcopal  Church,  Sigma 

Xi,  Sigma  Delta  Epsilon,  American 

Association  for  the  Advancement  of 

Science,  Botanical  Society  of  Amer- 

«/ 

ica,  and  the  Illinois  State  Academy 
of  Science,  of  which  she  served  as 
president,  1940-41.  When  she  re¬ 
tired  from  this  office,  she  presented 
an  address  before  its  membership 
on  “Michael  S.  Bebb,  Illinois  bot¬ 
anist  and  letterwriter.”  She  was 
also  an  active  member  of  the  Rock¬ 
ford  Nature  Study  Club,  Rockford 
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Art  Association,  and  the  Rockford 
Garden  Club. 

Dr.  Fernald  travelled  extensively, 
visiting-  all  the  states  of  the  Union, 
except  South  Carolina,  and  saw 
something-  of  the  five  Eastern  Prov¬ 
inces  of  Canada.  She  made  the  ac¬ 
quaintance  of  many  European  plant 
scientists  in  her  attendance  at  the 


meeting's  of  the  International  Bo¬ 
tanical  Congress  when  it  met  at 
Cambridge,  at  Amsterdam,  and  at 
Stockholm.  Thus,  while  she  was 
a  traveller,  her  legal  residence  was 
in  Massachusetts,  where  she  11  owned 
a  bit  of  woodland.’’ 

— George  D.  Fuller. 


Illin  ois  Academy  of  Science  Transactions,  Yol.  48,  1956 


ACADEMY  BUSINESS 

SECRETARY’S  REPORT  OF  THE  BUSINESS  OF  THE 
ILLINOIS  STATE  ACADEMY  OF  SCIENCE  FOR 
THE  YEAR  MAY  8,  1954  TO  MAY  7,  1955 

Compiled  by 

Lyle  E.  B amber,  Secretary 


The  48th  annual  meetings  of  the  Illi¬ 
nois  State  Academy  of  Science  were 
held  on  the  campus  of  Southern  Illinois 
University,  Carbondale,  Illinois,  on  May 
6  and  7,  1955.  The  programs  of  the 
ten  sections  included  107  papers.  Total 
attendance  at  the  section  meetings  was 
about  390  persons. 

The  general  morning  session  of  Fri¬ 
day,  May  6,  was  held  in  the  Auditorium 
of  the  new  Life  Science  Building  and 
included  the  Welcome  by  Delyte  W. 
Morris,  President  of  Southern  Illinois 
University,  and  the  Presidential  Address 
by  Dr.  Thiessen  entitled  “The  Tyro 
Chemist’s  Unanswered  Question”.  Dr. 
Paul  B.  Sears,  Chairman,  Conservation 
Program,  Yale  University,  spoke  on 
“Man  and  Nature  in  the  Modern  World”. 

A  motion  concerning  the  possible  spon¬ 
soring  of  theme  conferences  and  sym¬ 
posia  by  the  Academy  was  presented  by 
Dr.  C.  D.  Proctor. 


The  Junior  Academy  program  was 
under  the  direction  of  Miss  Elnore  Stoldt 
and  was  very  successful.  There  were 
about  500  exhibits.  There  were  8  dis¬ 
trict  meetings  with  1,591  exhibits  re¬ 
ported.  and  the  attendance  varied  from 
189  to  1,000.  Miss  Stoldt  reported  191 
clubs  registered  and  a  number  not  reg¬ 
istered.  There  were  about  82  new  clubs 
this  past  year.  The  known  member¬ 
ship  is  6,735.  The  Senior  Academy  set 
aside  the  11:30  a.m.  period  on  Friday 
to  visit  the  Junior  Academy  exhibits. 

The  annual  banquet  was  held  Friday 
evening  in  Woody  Hall.  This  was  fol¬ 
lowed  by  the  general  evening  session 
held  in  University  School  Auditorium. 
At  this  meeting  Dr.  Frank  H.  Reed 
presented  the  winners  of  the  Annual 
Science  Talent  Search.  To  quote  from 
Dr.  Reed’s  report  “Illinois  was  fortunate 
this  year  in  having  five  Washington 
Trip  Winners  and  11  National  Honorable 


[231] 


Illinois  Academy  of  Science  Transactions 


232 

Mentions.  Our  Committee  selected  13 
of  the  remaining  150  who  completed  all 
requirements  in  the  competitive  exami¬ 
nation  to  receive  awards  or  State  Hon¬ 
orable  Mentions”. 

The  annual  public  lecture  was  pres- 
sented  by  Dr.  Laurence  H.  Snyder,  Dean, 
Graduate  College,  University  of  Okla¬ 
homa,  who  spoke  on  “The  Principles  of 
Human  Heredity  and  their  Modern  Ap¬ 
plications”. 

Council  Meetings 

The  Council  held  the  usual  four  meet¬ 
ings  during  the  year.  The  first  meeting 
was  held  in  Wallace  Hall,  Monmouth 
College,  on  May  8,  1954.  In  the  absence 
of  President  Thiessen  and  First  Vice- 
President  Slianor  the  meeting  was  pre¬ 
sided  over  by  Past-President  Grimm. 

Dr.  Welch  reported  the  registration 
on  Friday  totaled  380.  Mr.  Finley  stated 
the  expenses  of  the  Monmouth  meeting 
to  be  approximately  $318.00.  The  reg¬ 
istration  fee  and  donation  of  “an  anony¬ 
mous  friend”  would  care  for  this  item. 
Dr.  Welch  submitted  the  proposed 
budget  for  1954-55;  it  was  accepted  as 
an  operating  budget,  subject  to  change. 

The  following  appointments  were 
made:  Dr.  Annemarie  Krause,  Carbon- 
dale,  appointed  Second  Vice-President; 
Mr.  James  S.  Ayars  reappointed  Pub¬ 
licity  Advisor;  Miss  Jane  V.  Olson  re¬ 
appointed  Technical  Editor  and  Dr. 
George  E.  Ekblaw  and  Dr.  John  C.  Mc¬ 
Gregor  were  selected  as  the  new  mem¬ 
bers  of  the  Publications  Committee  with 
terms  to  expire  in  1957. 

Other  business  transacted  included: 
establishing  the  dates  of  the  48th  annual 
meeting  at  Carbondale  as  May  5-7,  1955; 
changing  the  name  of  the  Local  Con¬ 
ventions  Committee  to  Local  Conven¬ 
tion  Advisory  Committee;  suggesting 
that  the  President  request  an  invitation 
from  Mr.  Willis  of  the  I.H.S.P.A.  to  the 
Academy  to  send  a  representative  from 
the  Academy  to  the  meeting  of  the  Illi¬ 
nois  High  School  Principal’s  Association 
to  discuss  the  Science  Talent  Search 
program;  authorizing  the  Secretary  to 
proceed  with  the  proposed  plan  of  es¬ 
tablishing  an  addressograph  system; 
and  receiving  the  invitation  from  Father 
Julian  Woods,  President  of  Quincy  Col¬ 
lege,  for  the  Academy  to  meet  on  that 
campus  in  1960,  which  is  to  be  con¬ 
sidered  at  a  later  date. 

The  second  meeting  of  the  Council 
was  held  in  the  Hearing  Room,  Illinois 
Commerce  Commission,  Centennial 


Building,  Springfield,  on  November  6, 
1954. 

Miss  Stoldt  reported  that  Davenport, 
Iowa,  had  requested  membership  in  our 
Junior  Academy.  Many  of  their  mem¬ 
bers  are  from  Illinois.  The  Second  Vice- 
President,  Dr.  Krause,  was  absent  but 
sent  a  written  report  saying  plans  were 
well  underway  for  the  Carbondale  meet¬ 
ing.  Other  items  under  reports  of  of¬ 
ficers  and  committees  were:  (1)  an¬ 
nouncement  of  the  death  of  Dr.  Leo  R. 
Telion;  (2)  Dr.  J.  W.  Necker’s  request 
to  furnish  the  speakers  for  the  annual 
meetings  at  Carbondale;  (3)  Secretary’s 
announcement  of  the  establishment  of 
an  addressograph  list  at  the  U.  of  I. 
Mailing  Center;  (4)  authorization  of 
special  increases  in  the  budget;  and 
( 5 )  brief  reports  by  the  Section  Chair¬ 
men  present,  including  the  approval 
of  a  change  in  name  from  Psychology, 
Education  and  Social  Science  to  Science 
Education,  Psychology  and  Social  Sci¬ 
ence  section. 

Standing  Committee  reports  included 
those  on  Conservation,  Membership, 
Sustaining  Membership,  State  Museum 
Building,  and  Publications. 

Other  business  transacted:  (1)  Car¬ 
bondale  was  authorized  to  finance  and 
appoint  the  two  speakers  for  the  annual 
meetings;  (2)  Springfield’s  invitation  to 
meet  there  in  1956  was  received  from 
Dr.  Deuel  and  was  referred  for  final 
action  at  the  annual  business  meeting; 

(3)  President  Thiessen  was  delegated  to 
appoint  a  substitute  for  Dr.  Robertson 
as  alternate  to  the  A.A.A.S.  meetings; 

(4)  replacements  were  made  for  Dr. 
Tehon  on  three  committees;  and  (5)  the 
Secretary  was  instructed  to  send  from 
the  Council  to  Dr.  Tehon’s  son  and 
daughter  a  statement  of  appreciation 
of  Dr.  Tehon’s  past  service  to  the  Acade¬ 
my  and  the  Council. 

The  Third  Council  Meeting  was  held 
in  the  Centennial  Building,  Springfield, 
on  February  19,  1955.  Miss  Stoldt,  re¬ 
porting  for  the  Junior  Academy,  men¬ 
tioned  the  following:  (1)  according  to 
the  A.A.A.S.  Committee  report  on  Junior 
Academies,  Illinois  ranks  first  in  size; 
(2)  the  handbook  is  being  revised;  (3) 
the  Davenport,  Iowa,  request  for  mem¬ 
bership  in  our  Junior  Academy  has  been 
ruled  against  by  Mr.  Willis  of  the  Illi¬ 
nois  High  School  Association;  and  (4) 
the  receipt  of  a  request  from  the  Chicago 
Catholic  Teacher’s  Association  for  a 
special  district  for  their  meetings. 

President  Thiessen  has  received  a  let¬ 
ter  from  the  National  Science  Founda- 
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tion  asking  if  the  Academy  would  be 
interested  in  a  state  wide  research  pro¬ 
gram  for  undergraduates.  Dr.  Krause 
sent  a  written  report  concerning  plans 
for  the  Carbondale  meeting.  Dr.  Evers, 
of  the  Collegiate  Section,  reported  that 
the  Illinois  Chapter  of  Student  Affiliates 
of  the  American  Chemical  Society  had 
expressed  its  interest  in  financing  stu¬ 
dents  from  the  University  of  Illinois 
who  attend  the  Carbondale  meetings. 
The  Council  approved. 

Section  Chairmen  present  reported 
on  their  programs.  It  was  decided  that 
Botany,  Chemistry  and  Zoology  should 
have  two  sections  each.  A  co-chairman 
was  suggested  for  Botany  and  Zoology. 

Dr.  Welch  requested  needed  changes 
in  the  budget,  and  they  were  approved 
by  the  Council.  It  was  also  decided  to 
list  two  funds  under  Junior  Academy 
in  the  Treasurer’s  report,  namely,  gen¬ 
eral  expense  and  Science  Talent  Search. 
The  Membership  Committee  was  voted 
$100.00  for  added  expense.  The  Coun¬ 
cil  also  approved  the  work  of  the  Sci¬ 
ence  Talent  Committee  with  television. 
Dr.  Kanatzar  gave  an  excellent  report 
on  the  work  of  the  Sustaining  Member¬ 
ship  Committee. 

President  Tliiessen  appointed  the  Au¬ 
diting,  Nominating  and  Resolutions 
Committees.  Other  actions  of  the  Coun¬ 
cil  follow:  (1)  the  Chicago  Catholic 
Teacher’s  Association  was  asked  to  join 
the  two  districts  of  the  Junior  Academy 
that  now  exist;  (2)  commercial  exhibits 
at  the  Junior  Academy  District  Meet¬ 
ings  were  discussed.  No  specific  action 
was  taken;  (3)  President  Tliiessen  was 
authorized  to  investigate  further  the 
possibilities  of  working  with  the  Na¬ 
tional  Science  Foundation  on  an  under¬ 
graduate  research  program;  and  (4)  the 
program  for  the  Carbondale  meeting 
was  approved. 

The  fourth  meeting  of  the  Council 
was  held  Thursday  evening,  May  5,  1955, 
in  the  cafeteria  at  Southern  Illinois 
University.  Preliminary  reports  were 
presented  by  Officers,  Committee  Chair¬ 
men  and  Section  Chairmen.  Final  re¬ 
ports  were  presented  at  the  annual  busi¬ 
ness  meeting  on  Friday,  May  6,  1955. 


These  are  included  on  subsequent  pages. 
The  National  Science  Fair  was  dis¬ 
cussed  by  Miss  Hunter  and  Mr.  Crall, 
and  the  Council  concluded  that  the 
whole  procedure  is  commercial  in  nature 
and  not  educational  as  is  our  Junior 
Academy  program. 

Annual  Business  Meeting 

The  business  meeting  of  the  48th  an¬ 
nual  meetings  of  the  Illinois  State 
Academy  of  Science  was  held  at  5  p.m., 
May  6,  1955,  in  the  Life  Science  Audi¬ 
torium  at  Carbondale,  with  President 
G.  W.  Tliiessen  presiding. 

The  report  of  the  Secretary,  which 
follows,  was  accepted  with  a  second  by 
Dr.  Welch. 

The  minutes  of  the  business  meeting 
of  the  47tli  annual  meeting  held  at  Mon¬ 
mouth  College,  Monmouth,  have  been 
published  in  the  Transactions.  They  in¬ 
clude  deliberations  and  actions  of  the 
Council  and  the  various  committees  of 
the  Academy,  the  reports  of  the  Treas¬ 
urer,  the  Auditing  Committee,  the  Nomi¬ 
nating  Committee  and  the  Resolutions 
Committee. 

The  major  activities  of  the  Council 
throughout  the  past  year  were  sum¬ 
marized  and  mailed  to  each  member 
along  with  the  Program  for  the  48th 
annual  meeting  in  the  form  of  the  Presi¬ 
dent’s  letter. 

Mr.  President,  I  move  the  acceptance 
of  the  report  of  the  47th  annual  meet¬ 
ing  as  presented  in  the  Transactions 
and  the  summary  of  this  year’s  activities 
as  included  in  the  President’s  letter. 

Dr.  Walter  B.  Welch  presented  the 
Treasurer’s  report  which  follows.  He 
moved  the  acceptance  of  the  report. 
Dr.  R.  A.  Evers  seconded. 

Publicity  Advisor  Janies  S.  Ayars  re¬ 
ported  the  fine  cooperation  received 
from  Southern  Illinois  University,  es¬ 
pecially  from  Mr.  William  Lyons. 

Mr.  Thompson,  reporting  for  Dr. 
Thorne  Deuel,  Librarian,  announced 
that  a  twenty-year  index  covering  vol¬ 
umes  26-46  of  the  Transactions  was  be¬ 
ing  prepared. 
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TREASURER’S  REPORT 

1954-55 

Balance  carried  forward  May  1,  1953 . . . $3,147.32 

Receipts 

Annual  dues 

Regular . $2,662.00 

Sustaining  .  1,852.00 

Life  memberships  (permanent  fund) .  150.00 

Registrations  at  Monmouth  .  185.00 

Interest  on  investments .  77.60 

Research  grants  (AAAS  membership) .  442.50 


Total  receipts  .  $5,369.10 


Receipts  and  balance  May  1.  1954 . .  . $8,516.42 

Expenditures 

Council,  expenses . $  242.36 

Treasurer,  office  expense  .  317.08 

Secretary,  office  expense . 619.82 

Librarian,  office  expense .  .....  167.16 

Editor,  office  expense  .  8.26 

Membership  committee,  expense  . 208.33 

Section  and  other  chairmen,  expense . 31.86 

Junior  Academy,  expenses 

General  . 961.61 

Science  talent  search  .  276.00 

Research  grants  . 442.50 

Honoraria  (Editor,  1  yr.,  $200.00; 

Secretary,  2  yrs.,  $300.00)  .  500.00 


Total  expenditures  .  $3,774.98 


Cash  on  hand . . .  $4,741.44 

Outstanding  checks  . .  11.00 


On  deposit  in  Carbondale  National  Bank,  April  30,  1955 .  $4,752.44 

Permanent  Fund 

Life  Memberships  in — 

U.  S.  bonds  .  $1,200.00 

Cash  in  Carbondale  National  Bank  .  200.00 


$1,400.00 

Other  than  Life  Memberships  in  U.  S.  bonds . . .  $1,800.00 


$3,200.00 

Balance  April  30,  1955 . $4,741.44 

To  permanent  fund .  200.00 


Balance  in  unrestricted  funds .  $4,541.44 
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Reports  of  Standing  Committees 

Affiliations. — Dr.  E.  L.  Stover  report¬ 
ed  that  the  Committee  recommended 
that  the  Illinois  Society  for  Medical 
Research  be  asked  to  affiliate  with  the 
Illinois  State  Academy  of  Science.  He 
moved  the  report  he  accepted.  Dr.  L.  J. 
Thomas  seconded.  Accepted. 

Animal  Experimentation  in  Research. 
— Dr.  W.  W.  Wantland  reported  the  con¬ 
tinued  activity  of  the  Committee  and 
that  antivivisection  activity  has  de¬ 
clined.  He  moved  the  acceptance  of  the 
report.  Dr.  Wilbur  W.  Grimm  seconded. 
Accepted. 

Budget. — Dr.  Walter  B.  Welch  dis¬ 
tributed  a  report  of  the  Budget  Com¬ 
mittee,  which  will  be  acted  on  by  the 
new  Council. 

Local  Conventions. — Dr.  H.  F.  Tliut 
stated  that  the  Committee  had  prepared 
and  distributed  to  members  of  the  Coun¬ 
cil  an  eight-page  report  entitled  “Sug¬ 
gestions  and  Recommendations  to  the 
Second  Vice  President  on  the  General 
Procedure  of  the  Academies”.  Correc¬ 
tions  or  additions  were  requested. 

Membership. — Mr.  G.  H.  Boewe’s  re¬ 
port  can  be  summarized  as  “118  dropped 
from  membership,  22  deceased,  and  an 
increase  for  the  year  of  about  110  mem¬ 
bers.  Eighty-five  were  obtained  from 
the  A.A.A.S.  membership  list.”  Mr. 
Boewe  then  made  the  following  motion 
“I  move,  Mr.  President,  that  persons 
who  have  applied  for  membership  dur¬ 
ing  the  past  year  and  who  have  met  the 
qualifications  for  membership  be  elected 
to  membership.”  Dr.  Wilbur  W.  Grimm 
seconded.  Passed. 

Research  Grants. — Dr.  H.  F.  Thut 
stated  that  the  Committee  had  received 
requests  for  $745.00  with  only  $347.00 
available.  The  Committee  awarded  five 
grants  as  follows: 

To  Troy  C.  Dorris,  Biological  Sci¬ 
ence  Dept,  of  Quincy  College,  a  sup¬ 
plementary  grant  of  $95  with  which 
to  buy  a  thermistor  thermometer.  He 
is  working  on  the  limnology  of  the 
middle  Mississippi  River  and  this 
equipment  should  help  him  in  his 
studies. 

To  Dorothea  Franzen,  Biology  Dept, 
of  Illinois  Wesleyan  University,  $75 
for  a  continuation  of  her  studies  on 
liolotypes  and  paratypes  of  gastropod 
and  pelecypod  mollusks.  She  is  also 
collecting  living  forms  of  Succinea. 

To  B.  J.  Jaskoski,  Biology  Dept,  of 
Loyola  University,  $50  for  materials 


and  chemicals  for  use  in  studies  of  the 
responses  of  soil  nematodes  to  syn¬ 
thetic  detergents. 

To  Annemarie  Krause,  Geography 
Dept,  of  Southern  Illinois  University, 
$50.  Her  research  is  on  frost  in  the 
tropics;  she  needs  considerable  cli¬ 
matological  data  and  needs  to  travel 
to  gather  them. 

To  Irvin  Peithmann,  Curator  of 
Archaeaology  at  Southern  Illinois  Uni¬ 
versity,  $75  for  archaeological  re¬ 
search  in  southern  Illinois. 

Science  Talent. — Dr.  F.  H.  Reed  pre¬ 
sented  the  Science  Talent  winners  at 
the  evening  meeting.  The  report  of 
this  appears  earlier  in  this  account. 

Sustaining  Membership.— Dr.  C.  L. 
Kanatzar  reported  a  total  of  $1,976.00 
received  for  the  calendar  year.  Dr. 
Leland  Shanor,  seconded  by  Dr.  Wilbur 
W.  Grimm,  moved  the  acceptance  of 
the  report  and  commended  the  Commit¬ 
tee  for  its  work.  Carried. 

Reports  of  Special  Committees 

The  report  of  the  Auditing  Committee 
was  read  by  Dr.  C.  L.  Foote.  He  moved 
acceptance  of  the  report  which  follows. 
Dr.  Paul  Shaffer  seconded.  Motion 
passed. 

To  whom  it  may  concern: 

The  auditing  committee  as  recently 
appointed  by  Dr.  G.  W.  Thiessen, 
President  of  the  Illinois  State  Acade¬ 
my  of  Science,  has  audited  the  ac¬ 
counts  of  the  Treasurer,  Dr.  Walter  B. 
Welch,  for  the  period  May  1,  1954,  to 
April  30,  1955.  The  treasurer’s  books 
were  found  to  be  in  proper  order  and 
correct,  to  the  best  of  our  knowledge. 

Balance  of  books 

Balance  on  hand  May  1, 


1954  . $3,147.32 

Receipts  .  5,369.10 


Total  . $8,516.42 

Expenditures .  3,774.98 

Balance  on  hand  April  30, 

1955  . $4,741.44 

Outstanding  checks .  11.00 


Balance  in  Carbondale  Na¬ 
tional  Bank  . $4,752.44 

Resources 

United  States  bonds — 

mature  value . $3,000.00 

Balance  in  Carbondale  Na¬ 
tional  Bank  .  4,752.44 


Total  . $7,752.44 
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Encumbrances  due  to  un¬ 


cashed  checks  .  11.00 

Available  resources . $7,741.44 


(Signed)  Charles  L.  Foote,  Chairman 
Elbert  H.  Hadley 
Oliver  W.  Beimfohr 

The  following  letters  accompanied 
this  report: 

To  whom  it  may  concern: 

This  is  to  certify  that,  as  of  the 
close  of  business  on  April  30,  1955, 
there  was  $4,752.44  on  deposit  with 
this  bank  for  the  account  of  the  Illi¬ 
nois  State  Academy  of  Science. 

Submitted  by 
(Signed)  John  T.  Mars 
Vice  President 
The  Carbondale  National 
Bank 

To  whom  is  may  concern: 

This  is  to  certify  that  on  May  3, 
1955,  I  saw  taken  from  and  replaced 
in  a  safety  deposit  box  at  the  Car¬ 
bondale  National  Bank,  Carbondale, 
Illinois,  the  following  United  States 
Government  Bonds,  issued  in  the 
name  of  the  Illinois  State  Academy  of 


Science : 

Two  “K”  bonds — mature 

value  $500.00  each . $1,000.00 

Twenty  “G”  bonds — mature 

value  $100.00  each . $2,000.00 


Total  mature  value  . $3,000.00 


(Signed)  Charles  L.  Foote,  Chairman 
Auditing  Committee 

The  Resolutions  Committee  submitted 
eight  resolutions  to  the  Academy.  Dr. 
George  E.  Ekblaw  presented  the  report 
and  the  following  resolutions  were 
adopted  by  the  Academy  on  motion  of 
Dr.  Ekblaw  with  various  seconds. 

1.  Be  it  resolved  that  the  Illinois  State 
Academy  of  Science  commend  Gov¬ 
ernor  Stratton  and  his  administra¬ 
tion  for  their  firm  support  of  the 
study  and  protection  of  and  educa¬ 
tion  concerning  the  natural  resources 
of  the  State,  as  expressed  by  nec¬ 
essary  and  realistic  increases  in  the 
budgets  of  various  State  divisions 
and  departments,  including  the  Sci¬ 
entific  Surveys,  the  State  Museum, 
and  the  Department  of  Conservation. 
It  is  further  lesolved  that  the  Sec¬ 
retary  be  instructed  to  transmit 
promptly  to  the  Governor  a  copy  of 
this  resolution. 


2.  Whereas,  in  1953,  this  body  went  on 
record  as  being  opposed  to  Com¬ 
munism  and  all  other  forms  of 
totalitarian  philosophies  that  tend  to 
restrict  free  inquiry,  and 
Whereas ,  we  believe  that  truly  crea¬ 
tive  scientific  research  and  instruc¬ 
tion  can  take  place  only  in  an  in¬ 
tellectual  atmosphere  that  encourages 
freedom  to  inquire  impartially  and 
to  teach  objectively,  without  regard 
to  political  considerations, 

Be  it  resolved  that  the  Illinois  State 
Academy  of  Science  reaffirms  its  op¬ 
position  to  so-called  antisubversive 
legislation,  or  any  other  legislation, 
however  well-intentioned.  “That  in 
the  name  of  freedom,  restricts  free¬ 
dom;  that  in  the  name  of  security, 
jeopardizes  security;  that  to  over¬ 
come  one  totalitarianism,  imposes 
another.” 

3.  Be  it  resolved  that  the  Academy  ac¬ 
knowledges  its  sorrow  on  the  deaths 
of  the  following  members,  among 
whom  are  eight  life  members  and 
four  past  presidents,  and  that  the 
Secretary  be  instructed  to  address  an 
appropriate  letter  of  sympathy  to  the 
nearest  surviving  relative. 

Warder  Clyde  Allee 

Mary  C.  Blair 

Charles  Manning  Child 

Henry  Crew 

David  John  Davis 

William  C.  Ewert 

Evelyn  Ida  Fernald 

Clarence  Lee  Furrow 

Frank  Caleb  Gates 

Meyer  Goldman 

Mark  T.  Goldstine 

Dwight  Lucian  Hopkins 

Charles  Harry  MacDowell 

Edmund  Brewer  Montgomery 

William  B.  Newkirk 

Martin  Luther  Reymert 

Maud  Slye 

Leo  Roy  Tehon 

Willard  Owen  Thompson 

Kenneth  B.  Thomson 

Charles  M.  Turton 

Nicholas  A.  Ziegler 

4.  Be  it  resolved  that  the  members  of 
the  Academy,  being  fully  aware  that 
the  objectives  of  the  Academy  can 
be  attained  and  its  activities  main¬ 
tained  and  extended  only  by  a  con¬ 
tinuing  growth,  express  their  appre¬ 
ciation  to  Messrs.  Gideon  H.  Boewe 
and  G.  R.  Yohe,  co-chairmen  of  the 
Membership  Committee,  and  to  all 
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who  have  assisted  them,  for  their 
unremitting  efforts  to  achieve  the 
noteworthy  success  which  they  have 
reported. 

5.  Be  it  resolved  that  the  members  of 
the  Academy  express  their  apprecia¬ 
tion  to  Dr.  Prank  H.  Reed,  Chair¬ 
man,  and  to  the  other  members  of 
the  Science  Talent  Search  Commit¬ 
tee,  for  their  work  on  the  committee 
which  has  encouraged  outstanding 
achievement  in  science  by  high  school 
students  to  the  extent  that  this  year 
the  greatest  number  of  recognitions 
were  awarded. 

6.  Be  it  resolved  that  the  Illinois  State 
Academy  of  Science  expresses  its  ap¬ 
preciation  to  the  Southern  Illinois 
University,  which  was  the  host  insti¬ 
tution  for  this  48th  annual  meeting, 
for  making  available  needed  physical 
facilities  and  for  the  general  co¬ 
operation  of  the  University  personnel. 
Furthermore,  that  special  apprecia¬ 
tion  is  extended  to  Miss  Annemarie 
Krause,  Second  Vice-President  of  the 
IAS,  who  was  in  charge  of  the  local 
arrangements;  to  Mr.  William  Lyons 
of  the  Information  Service;  to  Mr. 
Jean  Fligor,  Miss  Esther  Bennett, 
Mr.  Clyde  Brown  and  Dr.  Chalmer 
Gross  for  their  particularly  valuable 
assistance  in  making  this  meeting 
successful. 

It  is  further  resolved  that  the  Sec¬ 
retary  be  instructed  to  send  a  copy 
of  this  resolution  to  each  of  the  par¬ 
ties  above  mentioned. 

7.  Be  it  resolved  that  the  members  of 
the  Academy  express  by  acclamation 


their  appreciation  of  the  outstand¬ 
ing  work  done  by  Mr.  C.  L.  Kanatzar, 
Chairman  of  the  Sustaining  Member¬ 
ship  Committee,  and  his  aides,  which 
has  resulted  in  contributions  for  the 
support  of  the  Junior  Academy  far 
in  excess  of  those  for  any  previous 
year. 

8.  Be  it  resolved  that  the  members  of 
the  Academy  express  by  a  standing 
vote  their  appreciation  of  the  ex¬ 
cellent  work  and  the  unselfish  serv¬ 
ice  rendered  by  their  officers  during 
the  past  year. 

The  Nominating  Committee  consisted 
of  Mrs.  Charles  L.  Foote,  E.  L.  Hill, 
Robert  A.  Bullington,  Wm.  T.  Bailey, 
and  Paul  R.  Shaffer,  Chairman.  Dr. 
Shaffer  presented  a  slate  of  officers  for 
1955-56  and  roster  of  committee  chair¬ 
men  and  committee  members.  This  list 
will  be  published  in  the  program  for  the 
49th  annual  meeting  and  later  in  the 
Transactions.  Dr.  Shaffer  moved  ac¬ 
ceptance  of  the  report  subject  to  nomi¬ 
nations  from  the  floor.  Dr.  Ekblaw 
seconded.  On  motion  of  Dr.  Ernest  L. 
Stover  and  seconded  by  Dr.  L.  J.  Thomas 
the  slate  was  accepted  by  acclamation. 

Dr.  Thorne  Deuel’s  invitation  to  meet 
in  Springfield  in  1956  was  then  read. 
Dr.  L.  J.  Thomas  moved  the  invitation 
be  accepted.  Dr.  Ekblaw  seconded. 
Carried. 

Dr.  C.  W.  Hudelson  presented  an  in¬ 
vitation  for  the  Academy  to  meet  in 
Normal  in  1957.  No  formal  action  was 
taken. 

On  motion  of  Dr.  Wilbur  W.  Grimm 
and  a  second  by  Dr.  G.  R.  Yohe  the 
meeting  adjourned. 


PREPARATION  OF  MANUSCRIPTS  FOR 
THE  TRANSACTIONS 


For  publication  in  the  Transactions ,  articles  must  present  significant 
material  that  has  not  been  published  elsewhere.  Review  articles  are  ex¬ 
cepted  from  this  provision,  as  are  brief  quotations  necessary  to  consider 
new  material  or  varying  concepts.  All  manuscripts  must  be  typewritten, 
double  spaced,  with  at  least  one-inch  margins.  The  original  copy,  not 
the  carbon  copy,  is  to  be  submitted. 

Titles  should  be  brief  and  informative.  The  address  or  institutional 
connection  of  the  author  appears  just  below  the  author’s  name.  Sub¬ 
titles  or  center  headings  should  be  used;  ordinarily  one  uses  subtitles 
such  as  Introduction ,  Acknowledgments,  Materials,  Methods,  Results , 
Discussion,  Summary,  and  Literature  Cited .  All  papers  should  have  a 
summary. 

No  footnotes  are  to  be  used. 

The  section  entitled  Literature  Cited  must  include  all  references  men¬ 
tioned  in  text.  It  is  not  to  include  any  other  titles.  No  references  to 
the  literature  are  to  be  placed  in  footnotes.  Citations  under  Literature 
Cited  are  as  shown  below: 

Doe,  John  H.  1951.  The  life  cycle  of  a  land  snail.  Conchol.,  26(3): 
21-32,  2  tables,  3  figs. 

Doe,  John  H.  1951.  Mineralogy  of  Lower  Tertiary  deposits.  New  York, 
McGraw-Hill  Book  Co.,  iv  +  396  pp. 

Quoted  passages,  titles,  and  citations  must  be  checked  and  rechecked 
for  accuracy.  Citations  to  particular  pages  in  text  are  Doe  (1908:21-36) 
or  (Doe,  1908:21-36);  general  citation  in  text  is  Doe  (1908)  or  (Doe, 
1908). 

Tabular  information  should  be  kept  at  a  minimum.  Tables  should 
not  be  more  than  one  page  in  length.  Do  not  duplicate  tabular  data  in 
text.  Headings  for  tables  and  columns  should  be  brief.  Reduce  to  the 
barest  essentials,  or  preferably  omit,  explanatory  notes  on  tables.  Each 
table  and  its  heading  should  be  on  a  single  page;  do  not  place  any  table 
on  the  same  page  with  text. 

Photographs  should  be  hard,  glossy  prints  of  good  contrast.  Graphs, 
maps  and  other  figures  reproduce  best  when  prepared  for  at  least  one-half 
reduction;  lettering,  numerals,  etc.  on  all  figures  in  a  manuscript  should  be 
worked  out  to  proper  size  for  such  reduction.  Line  widths,  letter  size 
etc.  should  be  uniform  from  figure  to  figure  within  a  published  paper. 
Figures  should  be  drawn  on  good  quality  white  paper  or  on  drawing 
board.  Use  only  India  ink.  Use  a  lettering  device  (Leroy  or  Wrico)  for 
numerals  and  words;  do  not  print  “free-hand.” 

Legends  for  photographs  and  figures  should  be  brief;  type  them  on 
a  separate  sheet  of  paper.  Indicate  figure  number  and  your  name  on 
back  of  illustration;  do  not  write  with  pencil  on  the  backs  of  photographs. 

Authors  will  receive  galley  proofs;  these  should  be  read  carefully 
and  checked  against  the  original  manuscript.  Reprints  may  be  ordered 
at  the  time  galley  proofs  are  returned  to  the  Editor: 

Harvey  I.  Fisher, 

Department  of  Zoology, 

Southern  Illinois  University, 

Carbondale,  Illinois. 
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